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The study of the effects of stress upon engineering materials at temperatures above normal has 
recently become of great importance, as modern engineering progress has necessitated the exposure of 
these materials to temperatures and pressures far higher than was considered practicable in pre-war days. 


In the case of the steam engine or turbine, increase in efficiency appears to be inseparable from a 
corresponding increase in steam pressure and temperature. Pressures of 400-500 Ibs. per sq. in., with 
superheat temperatures of 650° F., are in constant use, while earlier in the year the question of operating 
turbines at 1400 Ibs. per sq. in., ab a superheat temperature of 900°-1000° F., was discussed before the 
Institution of Mechanical Engineers. In 1927 a turbine was installed at the Witkowitz Collieries, Czecho- 
Slovakia, operating at 1700 Ibs. per sq. in., with a superheat temperature of 932° F., and is still running, 
while it was recently proposed to erect at the same works a second experimentai turbine operating at the 
same temperature but at a pressure of nearly a ton to the square inch. 


To be able to employ such high pressures in safety, the constructional materials used must have 
sufficient strength, at the higher temperatures involved, to carry the requisite loads for lengthy periods, 
and, at the same time, remain unaffected at these temperatures by contact with any vapours or gases to 
which they may be exposed. It will thus be appreciated that any progress in the direction of greater 
efficiency in prime moyers intimately depends upon the progress made in providing materials that will 
satisfactorily withstand the more severe conditions imposed, as has been demonstrated in the case of the 
internal combustion engine, where the provision of a heat-resisting steel, possessing a high strength at a 
temperature of 1500° F., made possible the supercharger (in the form of a rotor operating at very high 
speeds in the waste gases, at approximately a temperature of 1450° F.), and added approximately 13,000 
feet to the maximum altitude attainable by an aeroplane. 


It will also be appreciated that an acquaintance is necessitated on the part of the engineer with the 
behaviour of the more common engineering materials at elevated temperatures, particularly with their 
limitations. 

A great deal of research has been carried out in this direction of recent years, but the published 
results are widely scattered throughout the various technical journals, and it is the purpose of this paper 
to collect and condense the available information into a concise form, at the same time furnishing a 
fairly complete table of references to the original works. 

To be effective, the behaviour of materials at high temperatures must be studied from three points 
of view :— 

(1) Modification in physical properties, particularly in regard to tensile strength. 


(2) Resistance or non-resistance to corrosion through exposure to steam or waste gases, 
either mixed with free oxygen or not. 


(3) Resistance or non-resistance to scaling, through exposure to atmospheric oxygen. 
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The study of 2 and 8 is necessary in so far as corrosion or scaling, by diminishing the mass of metal under 
steady load, may cause a sufficient increase in stress to effect rupture without increase in the applied load. 

Vim, let us consider the tensile strength of materials when exposed to elevated temperatures. 

Under normal conditions the engineer has for his guidance the tensile strength of the material with 
which he is dealing, ascertained by pulling the test pieces under the normal conditions of commercial 
testing, i.¢., fairly rapidly. In the case of steel, he has, perhaps, the yield point as well. He is thus 
furnished with concrete figures (and experience has proved “reliable figures”) upon which to base his 
calculations for strength. But when we consider the properties of steel, or any other material at 
elevated temperatures, we find that the normal tensile test (sometimes called the “quick pull’’) gives us 
no idea of the actual merits of the material, and that even the yield point is absolutely misleading as a 
guide to the actual behaviour of the steel in practice. 

If we turn to Fig. 1, which shows typical curves of the variation of tensile strength and yield 
point (quick pull) of cold drawn mild steel with increasing temperature, it will be seen that between 
550° and 600° C. the breaking stress is between 24 and 21 tons per sq. in., and the yield point 10 tons 
per sq. in., while between 600° and 650° C. the tensile strength is from 21 to 18 tons per sq. in., and 
the yield point 8 tons per sq. in. 

Turning now to Fig. 2, which shows the effect of a continuously applied stress of 8°5 tons per square 
inch at various temperatures, it is seen that between 550° and 600° C. fracture of the specimen occurred 
in 950 hours, while between 600° and 650° C. fracture occurred in 28 minutes. At 700° C. under the 
same stress fracture occurred in three minutes and thus cannot be shown, whereas by curve 1, the 
breaking strength of the steel should be 12-13 tons per square inch. 

Examination of the curves in Fig. 2 reveals several definite characteristics. On the initial 
application of the load there is a sudden elongation proportional to the stress applied. Subsequently a 
slower, but fairly uniform flow rate is maintained which in some cases (as will be seen later) takes place 
in a series of jumps. It is this secondary elongation that becomes particularly noticeable when materials 
are stressed at elevated temperatures and has been given, from its nature, the name “Creep.” It may be 
defined as the effect of a stress which, while not causing fracture under the ordinary conditions of quick 
loading at a given temperature, is still potentially destructive if allowed time to operate. The process of 
failure is by a continued elongation or creeping action comparable to the flow of a viscous material, so 
slow as to be difficult of detection, but may be continuous until fracture occurs. 

It thus becomes very necessary, when dealing with metals at high temperatures, to investigate the 
extent to which they respond to the influence of creep, but it should be understood that to ascertain the 
true properties experimentally is very difficult in view of the enormous times that would have to elapse 
before any definite conclusions could be arrived at. In some of Dickenson’s experiments, to be considered 
later, materials were subjected to constant stresses for over 250 days. The feelings of an engineer who 
had to wait 250 days for a report can be better imagined than described, and the aim of recent 
investigations has been to obtain some safe but approximate figures regarding creep upon which 
calculations could be based, and which could be obtained fairly rapidly. This, it is hoped, will explain 
any lack of definite experimental evidence in the following notes, and the reason that so many of the 
conclusions are obtained by a deductive method, 

Considering the nature of this phenomenon of creep, we find that opinions are divided into 
two schools :— 

(1) That creep is continuous at all stresses above the limit of proportionality, ultimately 
resulting in fracture. 

(2) That at all temperatures there are definite limiting stresses below which continuous creep 
does not occur, which may be well above the limit of proportionality, and even above the yield 
ian That there is at the limiting creep stress a permanent strain, the magnitude of which 

epends upon the material and the temperature, and which is present to a less extent at stresses 
between the limiting creep stress and the limit of proportionality. The effect of this strain is to 
produce strain hardening of the material, which gradually neutralises the effect of stress and creep 
ceases after a while. Above the limiting creep stress the reduction in the area of the material due 
to the creep becomes so pronounced that the stress becomes progressively greater, overcoming any 
effects of strain hardening and finally producing rupture. The temperature to which the material 
is exposed also exerts an annealing influence upon the material and so neutralises the effect of 
strain hardening, so that as the temperature increases, the limiting creep stress decreases. 
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The opinion that creep, once set up, is continuous was advanced by Dickenson as the result of careful 
and lengthy experiments, and although the balance of present day opinion is to the contrary, there are 
some supporters of his theory, and it is well worth considering in detail, so that opinions should be 
unbiassed. 

Briefly, Dickenson took specimens of four classes of steel and subjected them to a stress of 8°5 tons 
per square inch at temperatures of 525°, 575° and 625°C. Owing to the difficulty of keeping the 
temperatures uniform for a protracted period, these temperatures are the mean of + 25°C. The 
extensions were measured at frequent intervals and the results obtained are shown graphically in 
Figs. 2-5, the analysis of the steels being given. In these curves the elongation in mms. is plotted 
against duration of test in hours. From these curves can be drawn the curves shown in Figs. 6 
and 7, where, in 6, temperature is plotted directly against life in hours, and in 7 is plotted against the 
logarithms of the life in hours. 

In Dickenson’s opinion the form of the curves 2-5 points very strongly to the extension and eventual 
rupture of the material under constant stress, being due almost completely to a viscous flow, and, in 
support of this instances curves 7, where the plotted points tend to fall in straight lines, thus strongly 
suggesting that the samples have behaved in accordance with the law governing the change of viscosity 
with temperature. 

As further instance of this point, Dickenson carried out similar experiments to the above on a 
nickel-chromium alloy, maintaining the stress and the temperature either until the specimen broke or 
until the elongation became so small that it could not be measured. The results obtained are shown in 
Fig. 8, and are also incorporated in Figs. 6 and 7. As only one point has to be estimated on this curve 
it should be more reliable, and as the points again tend to fall on a straight line, Dickenson asks whether, 
if the lines in this curve are really straight, the same law will continue to apply down to much lower 
temperatures ; if so, there seems to be no reason why a cold test piece of the *30 carbon steel should not, in 
time, be pulled apart by a load of 8°5 tons per sq. in. Confirmation of this, or otherwise, would be 
difficult experimentally, as from Dickenson’s own curves the time necessary would be 10" hours (one 
thousand billion years) a figure which is too fantastic to be seriously considered. 


In favour of the second opinion, 7.e., that for each temperature there is a definite stress below which 
creep ultimately ceases, there are numerous investigators, the most conclusive experiments having been 
carried out by French and Tucker (U.S. Bureau of Standards, 1927) and by Tapsell and Clenshaw (H.M. 
Stationery Office, Report of Dept. of Eng. Research, 1927) and their results will be given as typical of 
this line of reasoning. ; 

The experimental procedure was similar to that of Dickenson in the manner of determining the 
extension, but in addition to ascertaining the effect of the constant load at various temperatures, three 
different loads were selected, the effects of these loads at each of the chosen temperatures observed and the 
results obtained for the behaviour of Armco iron are shown in Figs. 9-11. We here see the secondary 
creep flow, A—B, which finally either decreases in rate as creep ceases or else rapidly increases and fracture 
occurs. This secondary or creep extension is now measured and by dividing the total extension during 
this period by the number of days during which the creep took place, a figure is obtained known as the 
maximum rate of creep for the conditions existing. For each stress these figures can be plotted against 
temperatures as shown in Fig. 12, and tend to fall on smooth curves. As plotted, the curves do not cut 
the line of temperature, but as they show actual decrease of rate of creep with decrease of temperature, 
and are smooth curves, the investigators claim that if they be projected to cut the axis of temperature, 
the point of intersection will be the temperature where creep will be zero, or otherwise for that particular 
temperature the stress originating the curve is the limiting creep stress. From Fig. 12 can now be 
plotted the curve in Fig. 13 which gives the limiting creep stress for Armco iron at all temperatures. 
For comparison, normal curves for tensile strength and for the limit of proportionality at increasing 
temperatures have been included, showing that the behaviour of this material under steady stresses at 
elevated temperatures cannot be predicted from the results of normal physical tests. 

In Figs. 14 and 15 are shown the limiting creep stresses for the materials indicated, while in 
Fig. 15 is also shown, by means of a dotted line, the limiting creep stresses obtained by French and Tucker 
for a steel of similar composition to that shown. This shows the degree of agreement arrived at by 
independent investigators. In Fig. 16 limiting creep stress curves for the steels indicated show the 
effect of alloyed elements upon the resistance of the material to stress at high temperatures. 
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This latter theory of a limiting creep stress has received substantial support as the result of an 
experiment carried out by Rosenhain and Hamor and reported in the Journal, Iron and Steel Institute, 
for 1927. The question of creep did not originally enter into the investigation, which was instigated to 
ascertain whether boiler plates subjected to a steady strain at an elevated temperature would develop 
strain cracks. Four pieces of boiler plate, treated as shown below, were maintained at a uniform 
temperature of 300°C for a period of five years under a constant stress equivalent to % the breaking strain 
determined by ordinary methods. At the end of this period, though elongation had visibly taken place, 
no fracture had occurred. Determinations of the hardness, by the Brinell method, of the centre portion, 
subject to strain, and the head, which being above the grips of the machine, was subject to no strain, 
exhibit the following differences :— 


Original Condition of Steel. Hardness Hardness 


atCentre. at Head. 


Sample No.1 ... Heated to 900° C and cooled slowly... 83 51 
Sample No.2... Normalised at 900°C... xe “rs 97 70 
Sample No.3... Annealed 4 days at 650°C cee ste 107 64 
Sample No.4 ... As rolled vi as : ai 142 128 


The results show that considerable strain hardness has been set up in the specimens under steady 
stress, and thus provide strong support for the second theory. 

3 Let us consider the case of a steam engine driven by superheated steam in the light of the above 
theory. 

The constructional material of the boiler will remain unaffected, as the upper limit of temperature 
will be the critical temperature of water which is 366° C. (690° F.) at which the corresponding pressure 
would be 2860 Ibs. per sq. in. At this temperature the mild steel will still withstand a steady load of 
20 tons per sq. in. without danger of creep, but with regard to the superheaters, steam pipes and valves 
to the engine, it will be seen that 10 tons per sq. in. is dangerously near the limit of creep with a steam 
temperature of 750° F., while with steam at 930° F., creep will set in at less than 4 tons per sq. in. 

Thus we arrive again at the original premises that the development of the efficiency of the prime 
mover, through the employment of increased temperatures and pressures, is dependent upon our 
knowledge of the precise response of the constructional materials used to those temperatures and 

ressures. 

i It will be readily appreciated from the proceeding remarks, that investigations into the problems of 
limiting creep stresses are seriously handicapped by the length of time required to carry out the necessary 
experiments. To overcome this handicap Dr. W. H. Hatfield of the Brown Firth Research Laboratories 
has suggested a method which consists in discovering, by static loading, the stress within which, at the 
temperature, stability of dimensions is attained within a period of 24 hours, and maintained for a further 
period of 48 hours with an extension not exceeding the elastic deformation of 0°5% on the gauge length. 
This value has been named the “Time Yield” and is claimed by Dr. Hatfield as a value that can safely 
be used as a basis of design, in view of the fact that increase in elongation can now be measured to less 
than one-millionth of an inch per inch per hour. In Fig. 17 are shown Hatfield’s Time Yield curves 
for (a) mild steel, (b) nickel steel, (c) nickel-chromium-molybdenum steel and (d) for a special heat 
resisting nickel-chromium tungsten steel. 

Intimately connected with the effect of prolonged tensile stresses upon steel at temperatures above 
normal, is the question of the resistance of the steel to attack by vapours or gases with which it is in 
contact. Fortunately at the prevailing temperatures and pressures such attack is extremely slow. The 
sagen te increase of atmospheric oxidation with increase of temperature is graphically shown in Fig. 18 

or (a) boiler steel, (6) chromium steel and (c) nickel-chromium steel and reveals that above 400°C. 
752° F.) the rate of oxidation or scaling, in the case of mild steel, becomes accelerated to a marked 
egree, while in the other cases scaling is very slow. There is very little information as to the effect of 
furnace gases upon steel at the lower temperatures, but a comparison of the relative effects of pure air 
and of waste gases upon ferrous materials at temperatures of 800°C. (1,472° F.) shows that the latter, 
particularly where they are contaminated with sulphur products, have the more severe effects upon the 
metal. This may be safely assumed to hold good at the lower temperatures. 

The question of interaction between the steam and any ferrous material with which it may be in 
contact does not appear to have been investigated in a systematic manner, possibly because hitherto it 
has had no bearing upon engineering problems. 
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Under normal pressures (100-200 Ibs. per sq. in.) decomposition of steam by heated iron does not 
take place until a temperature of 350°C. (662°F.) has been reached, and even then the reaction is so slow 
as to be practically negligible. Above that temperature, however, the reaction is speeded up until at 
700° C. (1,292° F.) the decomposition of steam is so rapid that this means is adopted for the commercial 
preparation of hydrogen. The iron unites with the oxygen in the steam forming magnetic oxide of iron 
(otherwise “ mill scale”) and setting free the hydrogen according to the chemical equation :— 


2Fe,+6H,O=2Fe,0,+ 6H, 


If instead of increasing the temperature, the pressure is increased, Dr. Bergius found that at a 
temperature of 300°C. (572° F.) and a pressure of 1,500 Ibs. per sq. in., steam passed over iron was 
decomposed so rapidly that the method furnished an alternative means for the preparation of hydrogen 
commercially. The iron was oxidised as in the previous case, but, in this instance, instead of forming a 
surface scale the oxidation had penetrated the iron, producing a finely divided powder of the magnetic 
oxide. Thus, it is seen that either a high temperature with a moderately low pressure, or a high pressure 
with a moderately low temperature produces the same result, 7.e., oxidation of the ferrous cial 

It is reasonable to assume that the reaction will still take place to a greater or lesser degree when 
intermediate pressures are used in conjunction with intermediate temperatures. The determination of 
the precise nature of the reactions under varying conditions of temperature and pressure should prove a 
fruitful field for investigation. 

Up to this point steel has been the material dealt with. This has been purposely so, as, of the 
commoner engineering materials, steel is the only one that is of use under tension at abnormal 
temperatures. Copper and its alloys are very adversely affected, as will be seen by an examination of 
Table I. It will be seen that, with the exception of Monel metal, there is a great loss of strength above 
150°C. (802° F.), while in the case of Monel metal this is delayed until 850° C. (662° F.) is reached, but 
afterwards becomes very rapid. The reasons for not employing brass or other copper alloys in 
conjunction with superheated steam are thus evident. 

Cast iron, when repeatedly heated to temperatures of 300°C. (572°F.) and over, is found to permanently 
increase in volume with a consequent decrease in strength. The magnitude of the growth depends upon 
the composition of the iron and upon the method of casting, but an examination of this peculiarity of the 
metal would almost necessitate a separate paper. It has been observed, however, that cast iron possessing 
a pearlitic structure shows very little Sadeuss to “ grow,” and is thus the most suitable for exposure to 
high temperatures, and then only when used as a lining, where it is assured of effective support. It is 
this pe ii of “growth” that precludes the use of cast iron for valves, etc., when superheated steam is 
employed. 

Though the temperatures and pressures referred to in the paper may appear to be far in excess of 
those in common use to-day in marine engineering, one cannot foretell what developments may take place, 
even in this sphere, during the next decade. The object of this paper is to show that any such develop- 
ments will be accompanied by problems of an entirely different nature to those met with at the present 
time. Perhaps those problems are already with us, as it may be possible that some of the “ mysterious 
failures” that have occurred in the past have been caused by the above described factors. Be that as it 
may, the future will certainly bring them, and their solution will only be made possible by the whole 
hearted co-operation of the Engineer and the Metallurgist. 


MATERIAL 


High Tensile Brass 


———————— ee 


Phosphor Bronze 


NH 


Admiralty Gun Metal ... 


Monel Metal 


TABLE I. 
TEMPERATURE. 
STRESS. TIME BEFORE 
e. | Sue Tons per sq. in. FRACTURE. 
15 59 32°0 2 mins. 
150 302 28°0 96 hours. 
200 892 13°0 42 hours. 
250 482 10°0 36 hours. 
370 697 40 2 hours. 
15 59 27°0 2 mins. 
200 392 23°0 9 hours. 
300 572 10°0 12 hours. 
400 py) 10°0 2 hours. 
| ———_—_— 
15 59 15°0 2 mins. 
250 482 9-0 14 hours. 
300 572 42 48 hours. 
15 | 59 41°0 2 mins. 
350 662 35°0 1 hour. 
400 752 18°0 14 hours. 
500 932 70 6 hours. 


P. CHEVENARD 

J. H. 8. Dickenson... 
FAHRENWALD ... 

F. C. Lea 


MELLANBY & KERR... 


Brown 


KERR ... 


Frencu & TUCKER ... 
TapseLL & BRADLEY 
TAPSELL & CLENSHAW 
R. G. C. Batson 

W. H. Harrrenp 
TAPSELL 

Moorr & JASPER 


W. H. Harrrecp 
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DISCUSSION ON Mr. W. E. LEWIS’ PAPER 


ON 


“ENGINEERING MATERIALS STRESSED AT 
SUPERHEAT TEMPERATURES.” 


Mr. 8. F. Dorey. 


This paper is a timely addition to the transactions of this Association and should receive the earnest 
attention of engineers. At the present time progress in steam engineering depends to a large extent on 
suitable materials, and the author has shown that the metallurgist has not been found wanting in 
supplying evidence of the usefulness and limitations of materials commonly in use to withstand the high 
temperatures demanded by the engineer. 


One of the chief difficulties that the engineer generally encounters is to predict within any degree of 
accuracy the actual temperatures to which the materials will be subjected, which in some cases has led 
either to the employment of materials unsuitable for the conditions to which they are exposed or to extra 
cost of high grade material where ordinary material would have proved satisfactory in service. 


In this respect, therefore, the metallurgist is ahead of the engineer, since his knowledge of the 
behaviour of materials has been extended to more than cover all present requirements, yet in the absence of 
definite information relating to the actual working conditions to which the material will be subjected, he 
may find it difficult to recommend the most satisfactory and cheapest material for the job. 


As a practical example, we may consider a generating tube for a high pressure water-tube boiler. So 
far as pressure is concerned the thickness of the tube can be easily determined, but in regard to temperature 
the question is not so simple. For all practical purposes the temperature of the inner walls may be taken 
to be the same as the steam temperature. 


The maximum stress which the tube is subjected to will be due to both the internal pressure and the 
difference of temperature between the inner and outer walls. The latter will, of course, depend upon the 
rate of heat transmission through the walls of tube which varies as (1) temperatures of hot gases, 
(2) velocity of hot gases, (3) temperatures of steam, (4) rate of evaporation of steam. The presence of scale 
will also materially alter the problem. It may be shown that if a tube 1°75 ins. diameter and 9 L.8.G. 
thick be subjected to a difference of temperature of 70° F. between the inner and outer walls, the higher 
temperature being on the outside, and pressure inside tube being nil, the stresses so set up will be about 
4-3 tons per sq. in. at the inner surface. With internal pressure the stress will, of course, be increased. 
The permissible maximum stress will depend on the strength of the material at the temperature of the 
most severely stressed section of the tube. At the inner walls, the temperature may be taken as that 
corresponding to the steam pressure, but to allow for variations due to fluctuations in working, the 
maximum temperature may be assumed to be about 50° F. above steam temperature. From information 
available it appears that mild steel tubes are satisfactory for continuous service at temperatures up to 
850° F., so that a steam temperature of 800° F. will be the limit unless special alloy steel tubes are used. 
Examination of Figs. 14 and 15 for mild steel shows that the creep strength is approximately 8 tons per 
8q. in. and is above the limit of proportionality which, as measured in a short time test, is shown to be 
about 4 and 5:5 tons per sq. in. respectively. At temperatures above 500° C. (932° F.), however, the 
limit of proportionality offers no guide, and, in fact, as is the case with the yield point, cannot be 
even definitely ascertained. 
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For temperatures up to 850° F. it is, therefore, quite satisfactory to base scantlings on the limit of 
roportionality. Further information respecting the determination of the limit of proportionality would, 
Rovever, be of interest. In all cases the writer is acquainted with, this is determined by a short time 
test taking about an hour. In this connexion it may be mentioned that Prof. Kérber, of Diisseldorf, has 


shown that with steels of the grade used for boiler purposes, the yield point ceases to occur at temperatures 
above 300° C. 


Above 850° F. the safe working stress will be based on some proportion of the creep limit. A value 
of two-thirds of the creep limit has been taken by some authorities as suitable for design purposes. 


It is interesting to consider what happens when the creep limit is reached at the inner surface of the 
tube. The material will yield by plastic flow, the outer layers becoming more greatly stressed and the 
innermost layers slightly less stressed. 'The maximum stress will become uniform over a certain thickness 
of the tube, its value being slightly less than the creep limit, and so creep may cease. Conditions will 
thus become normal again and, until higher stresses or temperatures arise, the tube should still give 
satisfactory service. 


Ultimately, with increased stresses, through some cause or other, the stress will become uniform 
throughout the entire thickness of the tube and equal to the creep limit, and fracture will ultimately 
occur after a period of time. 


The foregoing remarks have, of course, been made on the assumption that there is a creep limit. 
The author has stated on page 2 that opinions are divided on this point, and, though he himself does not 
venture an opinion, it would appear that the results given by recent experiments do tend to indicate that 
for all practical purposes there is a limiting creep stress for certain materials. These experiments are 
carried out on sp»cially prepared samples under c.refully controlled conditions, facts that must not be 
lost sight of, peer in regards to short time methods, when applying the results to actual working 
conditions. In Dickenson’s pioneer experiments the apparatus was controlled to give temperature 
variations, of + 25° F., but at a recent visit to the N. P. L., the writer was informed that apparatus is 
now being fitted which will prevent fluctuations greater than + 0°25° C. 


The author has mentioned Dr. Hatfield’s “ Time Yield” method for quickly determining the value 
of a stre-s which may be used as a basis of design, and, from an examination of the results given in 
Fig. 17, it appears that the method may be accepted as satisfactory for the materials tested. It will, 
however, be appreciated that long time experiments must be continued in a wide range of different 
grades of steels before the proposed method can reach anything like finality, and the limitations of 
such results should not be forgotten. It will be observed that the ‘Time Yield” value for the 28/32 
tons strel at 455° C., given in Fig. 17 is about 6°9 tons per sq. in., which is slightly less than the 
creep value for mild stvel at this temperature from Figs. 14 and 15. 


Personally, I do not attach much importance to this ‘Time Yield,” since its value is not of much 
consequence, once a creep limit has been directly determined. Further, as stated previously, the limit of 
proportionality is satisfactory up to say 850°F, and above this temperature there is no direct evidence of 
a yield, so that its use is limited to materials which under working conditions will be stressed between 
the limit of proportionality and the creep limit below temperatures of 850° to 900° F, that is, cases in 
which alterations of dimensions due to strain are not of great importance. 


I am glad the author has drawn attention to the question of the interaction between steam and 
ferrous materials. The experiments of Dr. Bergius are worthy of note, and I should appreciate any 
further information Mr. Lewis may have been able to obtain since writing his paper. That similar 
results are obtained with high pressure and low temperature as those given by high temperature and low 
pressure is of great importance, and would preclude the use of ordinary steels for the tubes of extra high 
pressure boilers such as the critical pressure or Benson Boiler. There are, however, alloy steels which 
have good non-oxidizing or scale resisting qualities. 


In conclusion, I think there is one important effect which Mr. Lewis might have mentioned with 
advantage, and that is the embrittling effect of “ageing.” It is appreciated that little is known as yet 
regarding the cause of “ageing,” but with the high temperatures now in vogue attention must necessarily 
be drawn to its deleterious effects, which are hastened by increase in temperature. 
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Mr. J. R. Beverrper. 


In reading this paper I was rather surprised to see the results obtained by Dr. Bergius, relating to 
the dec mposition of steam. 

If the commercial production of hydrogen can be effected by the passage over iron of steam having 
a temperature of 572° F. and a pressure of 1,500 Ibs. per sq. in., one naturally wonders what action 
takes place in boilers working at 1,500 to 1,600 Ibs. per sq. in., with corresponding saturated steam 
temperatures of approximately 600° F. to 607° F. 

Working experience with the few such boilers now in servic) has not as yet indicated such drastic 
decomposition of the working fluid, and it would be interesting to have a few details of the method 
employed by Dr. Bergius in his experiments. 


CORRESPONDENCE. 
Mr. L. Rieey. 

The paper by Mr. Lewis is particularly opportane, and is an excellent review of the work done by 
various investigators on a subject of increasing importance. 

Of the two principal theories promulgated regarding the nature of the phenomenon of creep, 
1 certainly favour that under heading (2) of the paper. In this connection I consider the paper 
(mentioned by Mr. Lewis) by Dr. Rosenhain and Dr. Hanson, which was read at the Autumn meeting 
of the Iron and Steel Institute, held in Glasgow in September, 1927, affords almost convincing evidence. 
As the present writer pointed out at that time, while the material used in the experiments could by no 
stretch of imagination be correctly designated * boiler” steel, there appeared to be no reason to doubt 
that the results then noted could have been obtained with at least equal facility with a steel of more 
nearly representative quality. 

The more recent work of Tapsell (Dept. of Scientific & Industrial Research—Report No. 6, 1928), 
with which I know the writer of the paper will be familiar, gives still further support to the views 
advanced under the previously mentioned heading. 

The evidence now available appears to show that in regard to the mild steels, with which we are 
more particularly concerned, no anxiety need be felt where the temperatures involved do not exceed, say, 
350° ©. Above these temperatures it would appear that the problem can be largely met by the 
employment of some of the more costly alloy steels. In this connection the steels containing various 
percentages of Tungsten (first used by the Sheffield Steelmakers in the production of high grade rapid 
cutting steels) seem to offer considerable advantages. 

One cannot fail to be impressed by the amount of patient and careful attention this matter is 
receiving both here and on the Continent, and I am of opinion that the demands for materials of 
adequate strength at high temperatures are likely to be fully met. 


Mr. P. T. Brown. 


Much that is published nowadays of scientific investigation is too academic. Authors appear to 
delight in unnecessarily encumbering their work with abstruse mathematics, chemical reactions and 
things which confuse the practical man, and it has been necessary that such work be sifted and the 
points which really matter be incorporated in an intelligible, interesting and practical manner. 

This is what Mr. Lewis has done for us in his admirable paper, and his compilation of the really 
important facts of the properties of materials at high temperatures makes a valuable addition to the 
transactions of this Association. 

To the author’s three points of view of behaviour, [ should like him to add a fourth by considering 
the subject of erosion or scoring. Within the moderate range of superheat at present used considerable 
trouble is experienced in this direction. 

The work of Messrs. Greaves, Abram and Rees on the erosion of guns, given to the Iron & Steel 
Institute, in May last, contains much valuable information (on the behaviour of various steels) which can 
be applied to many engineering problems. 
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I find Figs. 14 and 15 very interesting. They contain a re-assurance and a disappointment ; for, 
whilst the ultimate tensile strength increases up to a temperature of 200° C (the temperature of saturated 
steam at 220 lbs. pressure), the limit of proportionality starts to fall from a maximum of 100°C, and its 
value at 200° C is lower than at orJinary atmospheric temperature. 


In Fig. 1 we find that cold drawn steel rod whilst losing tensile strength to about 150° C actually 
gets stronger up till a maximum of 300°C. Is this due to the drawing? Would the same conditions 
obtain with cold drawn and annealed steel tubes ? 


That ai 750° F mild steel will only stand a stress of 10 tons per sq. in. without creep is an 
important point. Does the author consider that this is the limiting safe temperature for steam practice 
without the necessity of employing special steels ? 


The inclusion of the information on the commercial method of manufacture of hydrogen is 
opportune. Such re-action at the limiting temperature above quoted might be sufficient to cause trouble 
in the life of a boiler. 


Table I is a particularly happy inspiration. The ease with which copper pipes can be worked and 
the ease, speed of manufacture, and freedom from defects of gun meta! castings make such materials 
prime favourites with engineers. I would ask the author to amplify Table I by giving some figures for 
copper. 

I hope Mr. Lewis will complete his good work by giving a paper on cast iron in the same interesting 
and intelligible manner as his present work. 


Mr. P. S. BEVERIDGE. 


Mr. Lewis in his interesting paper has left little room for criticism, but there are one or two points 
on which J should be glad of more information. 


Were the tests carried out in a moderately air-tight furnace? If not, scaling or corrosion would 
virtually increase the load by reducing the sectional area of the metal. 


Certainly, contact with air, or with gases of combustion, or with steam at high temperature might 
approximate to working conditions, but would destroy the value of the experiments on creep 
determination itself. Protective coatings of aluminium and nickel have been used successfully, I believe, 
in similar experiments, without appreciable effect on creep. 


If Dickenson’s theory of plastic flow holds good it is likely that initial creep would produce continuous 
creep and ultimate fracture. But definite hardening takes place under steady stress—as demonstrated 
by Rosenhain’s and Hamor’s experiment on a boiler plate, and the strain curves for Armco Iron at lower 
temperatures and stresses suggest that reduction in strain due to strain-hardening may balance increase 
in strain due to reduction of sectional area. 


From these Armco curves, Mr. Lewis derives rate of creep values which, I should prefer to call 
“mean ” rather than maximum. 


A comparison of Dr. Hatfield’s “Time Yield” curves with limits of proportionality and with 
limiting creep stresses would be very interesting. 


Valuable as is the limiting creep stress, where rigidity of structure is “sine qua non,” the limit of 
proportionality is the deciding factor. 


There will be a small but definite deformation due to initial creep, at the limiting creep value, as 
the test piece becomes rigid, and the deformation might be sufficient to set up stresses in the structure. 


We are in debt to Mr. Lewis for his admirable paper, and trust he will add to the debt by giving 
us, in the near future, another paper on the same subject. 


Mr. L. C. Davis. 


Mr. Lewis is to be congratulated upon having contributed an interesting and valuable addition to 
the transactions of the Association. At first sight, theoretical, the paper is actually of great practical 
value in pointing out what the engineer is up against. In his concluding paragraph, the author states 
that “the temperatures and pressures referred to in the paper may appear to be far in excess of those in 
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common use to-day,” however, they have come to stay ; the temperature mentioned in paragraph 4, 
page 4, is employed in marine engineering and indeed has been exceeded, showing that the engineer has 
already reached the limits of usefulness of some of the materials hitherto employed, and is immediately 
confronted with the problems exemplified in the paper. 


Where there exists a possible risk of the limit of proportionality being reached, in service, in 
materials subjected to high temperatures and pressures, it might be well in such cases to adopt a system 
of attested gauge marks of standard lengths on steam pipes, valves and other parts involved, which could 
be checked at periodical surveys, and thus furnish evidence as to the then existing condition of the 
materials. 


It would be instructive if the author would state if, in his opinion, thermo-couples should be 
seriously considered in connection with superheat temperatures, and if their accelerated action under 
these conditions is likely to result in any appreciable degree of corrosion. Thermo-electric action would 
naturally be greatest at the junction of ferrous and non-ferrous materials such as the roots of turbine 
blades, whereas if the lesser differences of potential due to contact of two ferrous materials of different 
chemical composition is of any importance, then both riveted and bolted contacts are involved and 
electric welding is certainly included. 


In paragraph 1, page 5, the author mentions the commercial i pape of hydrogen in which 
iron unites with the oxygen of the steam at a temperature of 700°C. In many cases of boiler furnace 
deflection tetra-oxide of iron is found on the water side, and as this compound is only produced when 
steam comes into contact with white hot steel, its presence is the most conclusive proof of the existence 
of scale at the time of the trouble, even though the furnaces may have been cleaned prior to examination. 
It would be interesting if the author would explain this higher oxidization and state the temperature at 
which it takes place. 


REPLY BY THE AUTHOR. 


Mr. Dorey, in his comments, has mentioned that in my paper I have not ventured an opinion as to 
whether steel possesses a creep limit or not. Personally, I am definitely on the side of there being a 
limiting creep stress, because, whatever may be the merits of the arguments in favour of continuous flow 
under stress, experience over a long period of time has demonstrated that for each temperature there are 
stresses under which permanence of dimensions is reached, and maintained for Sia arcs periods of 
time, even when measurements are of the order of one millionth of an inch per inch per hour. It has 
also been demonstrated that, for each temperature, higher stresses induce a state of plastic flow, and 
permanence of dimensions cannot be obtained. Somewhere between must lie a limiting creep stress, 
though, perhaps, the determination of the precise stress may be experimentally difficult. 


Mr. Dorey has drawn attention to the fact that up to 800° F., scantlings of mild steel may be based 
quite satisfactorily upon the limit of proportionality, That is so, but already temperatures of 900° F. 
are in use, while temperatures of 950° F. and 1,000° F. are being discussed by engineers, and may 
possibly be the normal temperatures of the future. At these higher temperatures mild steels can not be 
used without danger, not only from the point of inadequate strength, but because their efficiency will be 
impaired by oxidation and inter-crystalline cracking. Above 900° F. the reaction between steam and 
iron is appreciable. Mr. Moneypenny, of Messrs. Brown, Bayley’s Steel Works, describes in the June 
issue of * Metallurgia,” experiments made at his works to determine the effect of steam on various steels 
at a temperature of 1,000-1,050° F. In the case of mild steel, 500 cc’s of hydrogen were collected in the 
first four hours of the experiment. Tubes of stainless iron and “‘ Anka” steel were unaffected even after 
tests of 223 and 1,176 hours duration respectively. I regret that I have not been able to gather any 
fresh or authoritative information upon the effect of increased pressure upon the above reaction, the 
results of the research now in hand not having been published. We see now, that from 800° F. and 
upwards, the use of special steels is imperative, particularly in superheater tubes and_ headers. 
Professors Mellanby and Kerr estimate that if steam is to be at a temperature of 950° F., the outside 
surfaces of the superheaters will be in the neighbourhood of 1,100° F. 
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At such a temperature, the determination of the absolute limit of proportionality (supposing it to 
exist) must be a matter of extreme difficulty. The determination of the absolute limiting creep stress is 
also difficult, and necessitates the expenditure of a great deal of time. In this connexion, and since 
writing the paper, | have been able to compare the results of different experimenters, and find their 
agreement as to limiting creep stresses is not very good. ‘The limiting creep stress values for ‘24 carbon 
steel at 932° F., as determined by (a) Tapsell and Clenshaw, (b) Cournot and Sasawaga, and (c) Norton, 
are 5 tons, 6 tons and 3°5 tons per sq. in. respectively. Upon which of these results are we to base our 
calculations? Mr. !orey has suggested two-thirds of the limit of creep stress as a safe basis, while not 
having much regard for Mr. Hatfield’s ‘Time Yield.” Here, on the grounds mentioned above I cannot 
agree with him. Hatfield states that in three days, he can determine the maximum stress that, after the 
normal elastic deformation, will only produce, in 24 hours, an additional deformation of 5}, of an inch 
ea inch, and that no further deformation of the material will take place although the stress is maintained 
or a further 48 hours, measurement of the elongation being of the order of one millionth of an inch 
per inch per hour. ‘This is equivalent to stating that if creep is taking place, it is at a rate less than 
fso000000 Of aninch per hour. It isinteresting to calculate that at the above rate of creep, a bar originally 
12 inches long would measure 12-0022 inches in a year. To me this appears to be a much more 
satisfactory basis of calculation than either the limit of proportionality or the limiting creep stress. 
Some interesting information on the subject should be contained in Dr. Hatfield’s paper on “ Permanence 
of dimensions under stress at elevated temperatures,” to be read at the September, 1930, meeting of the 
Tron and Steel Institute. 


Regarding the question of “ageing,” raised by Mr. Dorey. Embrittlement, so often observed in 
cold worked steel on being re-heated, is not due to high temperature alone. The most marked effect is 
produced when the overstrained steel is heated to about 500° F., when a reduction of the Izod impact 
value from 60-70 foot Ibs. to as low as 10 foot lbs. has been experienced. The latest theory, and to me 
the most acceptable, is the one advanced by the German metallurgists, that this phenomenon of 
embrittlement on ageing is due to the presence of oxygen in solid solution in the steel. It has been 
found that this undesirable property of steel can be eliminated by the addition of aluminium to the steel, 
and I have no doubt but that before long “ ageing ” will be relegated to the division of past evils. 


Mr. J. R. Beveridge has brought up the point of the inter-reaction of high pressure steam and iron 
at moderate temperatures. While not being able to add to my original remarks, it has been interesting 
to note that in the construction of the ‘* Mannheim” engine, it was found necessary to make the super- 
heater tubes and headers of nickel chrome steel, and the stop valve castings of nickle-chrome-molybdenum 
steel. No reason was given for this in the description of the plant, but as the steam was delivered at the 
stop valve at a temperature of 750° F., and a pressure of 1,500 lbs. per sq. in., I should imagine that 
oxidation of carbon steels presented a problem. At the time the article was written the reducing valves 
were stated to have been made of cast mild steel, at first basic, bub afterwards of acid quality. These, 
however, were giving trouble, and the question of replacing them with nickel-chrome-molybdenum 
castings was being considered. 


Mr. Ripley’s contribution is very welcome, and I agree with him that if higher limits of temperature 
and pressure are contemplated, the engineer will lave to base his hopes on the tungsten steels, particularly 
the nickel chromium tungsten variety, for which Hatfield gives time yield valves at 750° R., 932° F., 
1,022° F. and 1,112° F. of 19°5, 12°6, 7°5 and 42 tons per sq. in. respectively. 


Mr. P. T. Brown, in bringing forward the question of erosion and scoring, has mentioned the work 
of Messrs. Greaves, Abraham & Rees upon the erosion of guns. There is no doubt that erosion can 
be caused by the rapid sweep of a gas or vapour, but it was demonstrated by the above mentioned 
metallurgists that, in guns, erosion was a function of the melting point of the steel, and of the temperature 
generated by the burning of the propellant. The higher the former and the lower the latter, the less 
was the erosion projuced. The conditions could hardly be applicable to boilers, and I suggest that 
erosion and scoring are evidence of the reaction between the steam and the metal, and that we have a 
very localised corrosion. Steam, bearing minute particles of moisture in suspension can also exert a 

werful eroding action, as is evidenced in the case of steam turbine blades. If the steam teimperature 
is not sufficiently high to prevent condensation of moisture, erosion of the blades invariably follows. 
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The variation in tensile strength shown in Fig. I is not peculiar to cold drawn steels, but is 
exhibited by all steels tested by the “quick pull.” Regarding Mr. Brown’s question about the limiting 
safe temperature for steam practice, I think that I have already answered it in my reply to Mr. Dorey. 


In reply to Mr. P. 8. Beveridge’s enquiry, I am of the opinion that in all recent experiments for 
the determination of creep stresses, care has been taken to exclude all oxidising agents, and in some very 
recent determinations, the specimens, as Mr. Beveridge mentions, have been protected with the coatings 
of nickel and chromium. ‘The accuracy of the earlier determinations was affected more by poor 
temperature control than by oxidation of the metal, as is seen in Dickenson’s work, where temperatures 
are given as the mean of + 25°C. In a series of experiments now taking place at Messrs. David 
Colville & Sons, Ld., Motherwell, temperatures are maintained for long periods with a variation from 
the mean of less than + 1°C. Creep results obtained under these conditions should be valuable. 


I agree with Mr. Beveridge that “mean” would describe the rate of creep values better than 
maximum, but with regard to the comparison of Time Yield curves, with the others, the task would be 
enormous with the information available at present. If, however, Mr. Beveridge would specify a particular 
steel in which he is interested, I would only be too glad to draw out the required curves. 


Mr. Beveridge mentions “rigidity of structure,” and where this has to be attained the limit of 
proportionality is the deciding factor. At elevated temperatures, however, even if there is a limit of 
proportionality, it may be so low, that a desire for absolute rigidity in the structure may preclude its use 
as a source of power. If, however, definite information is available that at a higher stress, although 
deformation takes place, stability of dimensions is obtained after a time, and is maintained without 
increase, then the structure may be effectively utilised, and it is in such cases that the question of creep 
becomes of importance. 


Mr. Davis has suggested a system of attested gauge marks on pipes and valves as a method of 
checking creep. As shown previously, a rate of creep of +106 inches per year on a length of 12 inches 
is considered dangerous, and I am afraid that accuracy of measurement to this degree would be 
unattainable under the conditions prevailing on board ship. In regard to thermo-electric action, 
{ should not expect any corrosion from this action alone, as a thermo-couple transforms heat into electric 
energy without undergoing any chemical change itself. 


I must express my thanks to the members of the Staff Association for their reception of the paper, 
and my satisfaction that this short excursion into what is after all only a partially explored field of 
investigation has proved of interest to them. 
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TORSIONAL OSCILLATIONS IN MARINE ENGINE 
SHAFTING. 


By 8. F. DOREY. 


READ 27TH NOVEMBER, 1929. 


TORSIONAL VIBRATIONS IN MARINE ENGINE SHAFTING. 


A study of vibrations covers a very wide field; in fact, it may be stated that all matter is in a 
state of vibration. 

It is, however, only in recent years that the causes and effects of vibrations have received the 
necessary mathematical and experimental investigation that they demand. 

It is the purpose of this paper to deal with torsional vibrations in engine shafting, and to indicate 
how their effects may be corrected in existing machinery or prevented in the initial stages of design. 

So far as marine engines are concerned, attention was first drawn to the serious effects of torsional 
vibrations by Dr. Bauer in 1900, while in 1901 and 1902 Dr. Giimbel pointed out that in the case of 
triple expansion steam engines the failure of propeller shafts was most probably due to high stresses 
induced in the shafting by synchronism of a harmonic component of the engine torque with the natural 
frequency of torsional vibration of the system comprising the engine rotating masses, shafting, and 
propeller. About the same time, Messrs. Frith and Lamb, in a paper in the Journal of the Institution 
of Klectrical Engineers, showed how the breakage of shafts in generators driven directly by reciprocating 
engines was attributed to oscillations set up when the machinery was running at critical speeds. 

In these cases only the single node or fundamental vibration was considered, the system consisting 
of two masses, the engine rotating masses concentrated at one end of the shaft and the propeller at the 
other end, but in 1908, in a paper read before the Institution of Civil Engineers, Millington, Chree, and 
Sankey gave formule for calculating the critical speeds of systems having 2, 3, or 4 masses. 

Further advanced work was done by other investigators, among whom may be mentioned Frahm, 
Holzer, and Geiger, and with the advent of the large marine Diesel engine, with its heavy rotating and 
reciprocating parts, and also with the trouble experienced with double reduction gears, the subject was 
carried much further, and it became necessary to investigate each individual case in order to secure 
safety and smoothness of running. 

Considerable time and labour have been saved by the introduction of graphical methods in recent 
years, notably by Dr. Giimbel and Prof. Lewis, while on the practical side several instruments have been 
designed for the recording of torsional oscillations, most prominent amongst which is Dr. Geiger’s 
torsiograph. 

Torsional vibration in shafting consists of a repeated twisting and untwisting of the shaft, caused 
by variations of torque in the shaft. These vibrations may occur in all types of machinery, both 
ei and reciprocating engine driven, but it is primarily with the latter that we are concerned with 

ere. 

The variations in torque in shafting are due to a number of causes, such as irregularities in the 
turning moment of the engine, variations of resistance of the propeller due to variations in slip and 
wake speed, variations of propeller thrust due to the presence of obstructions preventing a steady flow 
of water to the propeller. All these effects are periodic and are termed forced vibrations. 
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In addition, every shaft has one or more periods of natural or free vibration, that is, vibrations 
which would ensue if the system comprising the shafting received an angular displacement within the 
elastic limit of the material and was released suddenly and allowed to vibrate freely. 

In the latter case, if no further disturbance occurs, the shafting will continue to vibrate with 
decreasing amplitude, caused by the damping due to frictional resisting forces, both internal and 
external. 

When the natural period of vibration of the shaft approaches the period of forced vibrations the 
amplitude of the vibrations of the shaft tend to increase in magnitude, and when they coincide the 
period is known as the critical period of vibration. It will be shown later that there is a certain zone 
within which the amplitude of vibration may become very serious and cause such severe stresses in the 
shaft that fracture will ultimately occur. It is therefore apparent that when fixing a suitable size of 
shaft care must be taken in order to avoid synchronism of the natural and forced vibrations, and so be 
certain beforehand that trouble will not develop. 

In order to interest those coming fresh to the subject, it is proposed to deal briefly with the 
game aspects of the problem, and then to proceed with the more mathematical theory of the 
subject. 


MOopdES OF VIBRATION. 


When a shaft is acted upon by torques applied at different parts of its length, and is allowed to 
vibrate freely, it will be found that there are certain points in the shaft which do not move. These 
points are called “nodes,” and the various types of vibration are distinguished by the number of nodes 
so formed. The shaft may therefore vibrate with 1 node, 2 nodes, 3 nodes, etc., and with each of these 
modes of vibration there will be a natural frequency. The greater the number of nodes the higher will 
be the natural frequency. 

Tf a shaft is rotating at such a speed that the frequencies of the applied impulses coincide with the 
natural frequency of the shaft, the speed is known as the critical speed, and the number of times the 
resulting vibration repeats itself per revolution is called its order. Thus if the vibration repeats itself 
1, 2 or 8 times per revolution it is called a first, second or third order vibration. 

These orders are also associated with the modes of vibration and if the vibration repeats itself say 
6 times per revolution, e.g. in a 6 cylinder 28.C.SA engine with cranks at equal angles, and is of a type 
having two nodes it is termed a two noded critical speed of the sixth order. 


FUNDAMENTAL EQuatIONs. 


The simplest form of periodic vibration is called simple harmonic motion and in this case if @ is 
the angular displacement of any point in a body from its mean position at any time t 
O= 05 SIN tis. 22. cass en ctee (1) 
where 6,, is the maximum value of 6, or maximum amplitude of vibration at the same point. 


The velocity at the point under consideration is given by 
oT = 6,, q cos qt 
and the acceleration by the equation 1 
d’e 
dt? 
From (2) it will be seen that at any instant the acceleration varies as the displacement and 
may be written 


= — 0, Q? SIN Qt...sseeeeee eseeesha ye 


a 
a = Wacsaksascatepateey (3) 
d’é 
oO ip pig’) > Ossececnes. eke (3a) 


This is an important equation to remember and its solution is given by (1). 
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From (1) we know that after a lapse of a time r, called the periodic time, the values of @ repeat 
themselves and . 


where f, the frequency = * 
Neglecting the negative sign in (3) the periodic time is given by 
tT=20 hs Se coobes Faa<scesdooe( 4). 
acceleration 


Consider now a shaft of diameter “d” subjected to a twisting moment T and let @ be the angle of 
twist in a length 1, then the relation between T and 6 is given by 


i F 
— £5 RRR (5) 4 
where G@ is the shearing modulus of elasticity or modulus of rigidity and J = = is the polar moment 
of inertia of the area of cross-section of the shaft about its axis. 
Equation (5) may be written 
T 
6 => C seeeeee eee eeeeees (6) 


where C = oo = constant, and is called the torsional rigidity of the shaft, that is the torque required 
to twist the shaft through unit angle. 

Suppose there is a mass attached to the shaft having a moment of inertia I, and acted upon by the 
torque ‘I’, then the relation between the torque, the moment of inertia of the mass acted upon, and the 
angular acceleration A produced, is given by the equation— 

Torque = Moment of Inertia x Acceleration, 


of Ames cok ens eset cy (7), 


also since A = oe = — q’0 


If now the force producing motion be suddenly removed, the system comprising the mass and the 
shaft will perform a simple harmonic oscillation of amplitude @ about its normal position, the 
corresponding time +, or period of a complete oscillation, being given by— 

— ra displacement 
t=27 — 
acceleration 


=2ny / t 


and substituting values of @ and A from equations (6) and (7) respectively, this leads to— 


Tam, / ancpaeeaameen anes (8). 


and the frequency of vibration is given by— 
1 1 C 
Se ete ee eee ee eee eee ey 9 . 
iene I (9) 
By the application of the foregoing fundamental equations the natural frequencies of vibrations for 
any rotating system can be calculated. Generally the shafting consists of lengths of different diameter, 
and it can easily be reduced to an equivalent shaft of constant diameter. 


‘£334 Ni xmL3aWIIg 


ProPpELLER- WelgkT IN TONS. 


Had; }. 
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If the shafting is made of two or more parts of length 1, 1, etc., and diameters d, d, etc., the twist 
caused by unit twisting moment is the sum of the twist in each section, that is 


Fey AM, 
‘ela (+34 eee ete.) 


When dealing with cases of marine engine shafting, the lengths of the various shafts can be 
reduced to an equivalent length of one of them, e.g. the intermediate shaft, and the work somewhat 
simplified. 

Thus if d, and d, be the diameters of intermediate and screw shafts respectively, the length of screw 
shaft 1, may be replaced by an equivalent length 1, of intermediate shaft given by 


d, ») 
L=h (Z 
since the angle of twist of a shaft is proportional to the length and inversely proportional to the fourth 
power of the diameter. 


DETAILS IN CALCULATIONS. 


In making calculations for critical speeds it is necessary to consider various factors effecting the 
determination of polar moments of inertia. 


In the case of marine propellers, it has been the usual practice to increase the inertia by about 
25-30 per cent. on account of the entrained water. The effect of the entrained water is to dampen 
vibrations and also to cause an apparent increase in the propeller inertia due to rotation of water with 
the propeller. The allowance will, however, be governed to some extent by the blade thickness, 
material of the propeller and pitch ratio, and in the absence of definite information, the allowance of 
25 per cent. adopted by most investigators can only be approximate. 


Curves drawn in Fig. 1 show the variation of weight of propellers with diameter. These curves 
have been drawn from actual cases and represent a fair average for propellers of ordinary shape. From 
calculations that the writer has made from a number of propellers of usual pattern, it has fet found 
that the radius of gyration varies from ‘4 to ‘45 of the rani of the propeller. The lower limit applies 
to a built propeller with cast iron boss and bronze blades, and the higher limit is for ordinary cast iron 
solid propellers. 


The rotating masses at each crank consist of crank pin and part web, total weight of bottom end 
bearing and °65 to 75 of the weight of the connecting rod. The connecting rod is considered to be part 
rotating and part reciprocating, the weight for each part being inversely proportional to its distance from 
the centre of mass of the rod. In addition it is usual to add half the reciprocating weights to the 
rotating masses to obtain the total value of the rotating masses, but the exact effect of the reciprocatin 
masses on the torsional oscillations of the shaft is difficult to ascertain. Goldsbrough has alter 
the correctness of replacing the reciprocating parts by an equivalent rotating mass which can be 
assumed to cause torsional vibrations in a shaft. His results are applicable to relatively low speeds, 
that is speeds usual in ordinary marine work, and show that forced vibrations may be produced by the 
te ae balance of the reciprocating parts irrespective of the pressure caused by the gases on the 
piston. 

The weights of the reciprocating and rotating masses at each crank will depend upon the speed of 
the engine, method of construction of the crankshaft, and, in the case of single acting engines, whether 


fitted with trunk pistons or crossheads. They may be expressed in terms of lbs. per sq. in. of piston 
area as follows :— 


SA Diesel engines... ... Reciprocating weights 7-12 Ibs. 
- ' iz. aK Rotating weights 10-15 lbs. 

DA Diesel engines... oh Reciprocating weights 20-25 lbs. 
m .. as Rotating weights 17-22 Ibs. 
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Mopvubus oF SHEAR, 


The value of G, the modulus of shear, usually adopted varies from 11°5 x 10° to 12 x 10° lbs. per 
sq. in. Professor Lewis quotes the figure of 11°8x10° as being the mean of a number of 
experimental tests. 

In a recent paper published by W. P. Wood in Transactions of the American Society for Steel 
Treating, June, 1929, results are given for the torsional modulus of steel, phosphor bronze, brass and 
Monel metal, the tests being carried out on springs by the deflection method. For three grades of steel 
the average value obtained was 11°45 x 10° lbs. per sq. in. It would appear from the results obtained on the 
materials tested that the value of the torsional modulus is about two-fifths of the tensile modulus of 
elasticity. The mean results for the other materials are as follows: viz., phosphor bronze 6°33 x 10°, 
brass 4°95 x 10°, Monel metal 8°0 x 10° Ibs. per sq. in.; but it is only in the case of shafts of small 
diameter, ¢.g., propeller shafts for yachts, motor boats, that these materials are employed. Recent 
available figures for Monel metal supplied by Monel Weir give a value of 9°25 x 10° Ibs. per sq. in. 

In the examples given in this paper a value of 12x 10° lbs. per sq. in. for steel has been taken 
merely to facilitate the calculations, 


CRANKSHAFT STIFFNESS. 


The stiffness of crankshafts has been investigated by a number of experimenters, and empirical 
formulze have been derived for reducing the complicated crankshaft to an equivalent straight shaft. 
Owing to the various factors affecting the stiffness, such as the elasticity at the webs and restraint at the 
bearings, which latter is dependent upon the clearance between the shaft and its bearings, and also the 
oil film, these formule can only be approximate. F. H. Porter in his paper gives the results of tests 
carried out on five different crankshafts, the results being area in terms of the ratio of the 
equivalent GJ, divided by the GJ, of the journal section, the equivalent G.J, being the GJ, of an 
uniform shaft having the same deflection over the same length. The tests consisted in measuring the 
deflection at each end of the shaft after applying twisting moments at one end of the shaft while the 
other end was held fixed. 

The shafts were tested in their bedplates with different clearances and also tested supported freely 
on rollers under three points. 

In the case of two solid forged hollow crank shafts 9°453 in. and 11°222 in. diameter respectively, 
of chrome vanadium steel, for 6 cylinder 48.C.SA Diesel engines, the ratio in the free condition 
was about 0°94 compared with about 0°985 with 0:007 in. vertical clearance and 1°025 with -002 vertical 
clearances. For a 10 cylinder 48.C.SA engine solid forged hollow crankshaft of chrome vanadium steel, 
12°437 in. diameter, a value of ‘927 was obtained for clearances of 0°012 in. and 0°050in. A semi- 
built steel crankshaft 14 in. diameter with webs and pins of cast steel, for a 6 cylinder 48.C.SA 
engine gave a ratio for free shaft equal to 1°133 and in the case of a semi-built crankshaft of 
forged steel having journals 19 in. and pins 194 in. diameter, for a 6 cylinder 28.0,SA engine the 
ratio for the shaft in bedplate with bearing caps removed was 1°25. 

The results indicate that the stiffness is increased as the clearance is decreased and if the oil film 
effectively takes up this clearance the stiffness of the shaft will be increased. 

The simplest formula to use is that given by Geiger and where the clearance is small it appears 
to give reasonable results. 

An interesting article on this subject has recently been published in Engineering (dated rts 
which refers to empirical formule for representing the actual stiffness of the shaft devised by Major 
B, C. Carter and H. Constant. These formule are particularly applicable to solid forged crankshafts, 
the majority of tests quoted in the article being carried out on small shafts. 


CALCULATIONS FOR THE NATURAL FREQUENCIES OF VIBRATION. 


In the method of calculation of natural frequencies to be outlined here the masses in the vibrating 
— are considered to be concentrated at definite points in the shaft, and the shafting between each of 
these rotating masses is considered to have elasticity but no mass. This latter assumption is not correct 
in practice but it will be shown later that within certain limits the influence of the mass of the shafting 


- 
‘ 


on the natural frequency of the system is almost negligible. The following method of calculation is 
given as a simple method which can be followed by those unacquainted with the solution of differential 


equations. It is applicable to any number of rotating masses and, further, can be adopted in a tabular 
form for the calculation of forced vibrations. 


Other methods, including a graphical method evolved by Professor Lewis, will be dealt with later. 


‘ 2 3 \. 


X ¥ 


Fig. 2. 


Consider the system shown in Fig. 2, rotating about the axis x-y. Let I,, I, Ij and I, be the mass moments 
of inertia of the rotating masses 1, 2, 8 and 4; C,, C, and ©, the torsional rigidity of the shafts x, y and 


z between masses (1-2), (2-3) and (83-4) respectively ; Ji, J», Js the polar moments of inertia of the shafts, 
and G the modulus of rigidity. 


It has been shown previously that if T is the torque applied to cause the system to rotate with maxi- 
mum amplitude @,, the following relation holds— 


I 
T = — q? 0,. 
gt 
Suppose now that the amplitude at mass 1 to be unity— 
Then torque at mass I=? Affesbids oes cestenns (10) 
and this is the torque in the shaft x. 
The twist in shaft xt 9 nee ee evpaa( Al). 
Continuing the process we have— 
oe st _i q? 
Twist of mass 2=1 aR det we Ghee de (12). 
I, q? I, q? 
T f PR gy eS: 3 ey es Fi 
orque of mass ( at) (13) 
. I, q? Iq’) , liq? 
Total torque in shaft y=—24 (1-29) 40 -(14). 
q ya (1-29) +8 (4) 
uC Wes 1 { I,q? MOS C MNGi] csedestees drs osees 15). 
Twist in shaft y=— ) 24 (7-419) 449 ( 
ca om g ( gc.) *-¢ 
. ha? 1 47 I,q?\ , 1.q? 
Twist of mass 8=1—24—— 994 (/y_AGT\ 4 AT |, sevaseees(16)s 
gC, “1 g gC/  g a 
I,q?7,_ Iq? 1 (1,q?/,_Iq*\ , lq? | 
Torque of mass 3=" g [2 30." = sa) | reeaees seascescess(LZ)o 
Total torque in shaft abt [1—hg_t ba —be ret )+2f0-2e ak Hemp 
nr 3 gO, ca g zt.) “4 g gc;)* cee 


Case (i). Two rotating Masses. 


If there are only two rotating masses it is obvious that the torque in shaft y must be zero, that is, for 
equation (14) we have 


ha’ (1 —24) + ne Lg AP eam (19) 
g 
nugiaestlt hah nd ani. griake. .+.(20) 
1 


since q = 2nf. 


This is the most general expression met with in practice and is particularly applicable to marine 
engines. Mass 1 may be considered as representing the engine and flywheel masses concentrated at one 
end of the intermediate shafting and mass 2 as the propeller. Then provided the weight of the shafting 
be not excessive equation (21) will give the one noded or fundamental frequency of vibration. 

The position of the node is given by 

11,=1,], 
where |, + 1, =1 the total length of shaft x. The amplitudes of vibration are inversely proportional 
to the moments of inertia of the respective masses, or 


In the case of long shafts, or shafts in which their Jength multiplied by the highest frequency per 
second of forced vibration exceeds a value of about 1 ,000 the mass of the shafting cannot be neglected as 
its influence may be considerable, but in general for ordinary marine reciprocating engines its effect is 
negligible. The effect of its influence on the one noded frequency is given in appendix I. 


Case (ii). Three rotating masses. 
In this ae case the torque in the shaft z will be zero, and we have— 


I,q? (ea Iq°) , ha? ] 1.q?(;_ ha’) yg? — 29 
[1 rt. “< [XC 2b) tat} | +a at) +4 ORISA SHAR (22) 
which =a to— 
LL. qb, Lb Lh, bh) ; 
4] —1i2 “3 el et - : A S=Ouesecscerecseeeees 
q FE Go,| 7 elo to, to to | titi +hl=0 (28) 


This is a quadratic equation in q’, and the two natural frequencies of the system are obtained from the 
square root of the two roots of this equation. 


Multiplying (28) by F gC, cy we have-— 
3 


q ~ te 0(l4) +0, (ae i =) |) ¢ aa shh ana 


and q = Ven/ AtVP-B 


of= YE, /aAs J EB = nih anal (24) 
where A = CeCe + 1) 4 Gs +1) ndB= htbtheo, 


21, i. 2 I, 1, J, L1 3 
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Typical cases of three mass systems are, a two crank engine driving an air compressor or water 
impeller or dynamo. A more interesting case is where an electric motor is fitted to the intermediate 
shaft between the steam reciprocating engine and the propeller in a combined exhaust turbo-electric 
and steam reciprocating engine system. 


2 
Returning to equation (23) and putting M= ( 1-74 ) we have 


"TM — 5 ct an + tg eck =0 


that is M1, + 


Putting IL= } I,+ : a 
1—— 
which represents the system I, and I, we have gC; 


2. 
I, E 24 | Tah Soya ree (25). 


It will be observed that this is the same expression as equation (19) if 1, be replaced by I,. 


In the case of a marine engine I, may be taken as representing the fens: straight shafting and 
propeller aft of the engine, OC, representing the torsional rigidity of the intermediate shafting and ©, that 
of the shafting between flywheel and engine. ‘The above method can be applied to an engine having any 
number of cranks. ‘Thus (16) may be taken as a single crank engine driving a flywheel and propeller. 
For a two crank a use may be made of equation a ‘4 putting it in the following form— 


q° 
I, [aa 0,0, ‘ie v(¢ tet GC G)+ 1 |-4 LAS 41 4+h=0 eee eeeeeeeeseeeer (26). 
Take I,=1,=I the moment of inertia of rotating ee at hak crank, ©, torsional rigidity of shafting 


between flywheel and first crank, C, torsional rigidity of shaft between each. crank, I;=moment of inertia 
of system including flywheel, shafting and propeller, ar (17) may be written 


ph I 2, P 
L| o-0,-¥ (& +e) +1] etil= air fs seeseses(27). 


Where I, = Ip+ 


I, 
ee RR 


gC, 
and I, = Moment of inertia of flywheel 
= propeller 
op = torsional rigidity of straight shafting. 


xpressions for 3, 4, 5 & 6 crank engines have been worked out by J. Calderwood and are given 
in rs ournal of the Junior Institution of Engineers, September 1927. 
Where it is necessary to take account of the mass of the propeller shafting the expression 
for I, becomes 


tan P 
ILlt+ hk Tp 


IL=II,+ mT a snsecccccccesens (29) 


For the proof of this expression see Appendix I. 
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NATURAL FREQUENCIES OF A SYSTEM CONSISTING OF (n+1) MassES AND n SHAFTS. 


It is generally found that a direct method of calculating the natural frequencies of vibration is 
preferred to a graphical method, and at the same time it is always useful to have another method to 
check results. An interesting method for investigating the natural frequencies of a system consisting 
of any number of masses joined by shafts without mass, but possessing elasticity, is due to R. Lochner. 
The theory of this method is given by Lochner in the Journal of the Institution of Electrical Engineers, 
Vol. 65, and the writer of this paper has found that in certain cases it is fairly simple to apply. 


MM, = WA, Mm, We Ws 


iz ile ES Le Is 
Fia. 3. 


The system shown in Fig. 3 consists of masses m, m, m,, etc., of moments of inertia I,, I,, Is, etc., 
connected by shafts of torsonal rigidity C, ©, C,, etc., and we will suppose this system to be vibrating 
freely. 

The (natural frequency)’ of m, on shaft 1 is given by 


@ye 
2n/ I, 
which we will call P,. 

Also the (natural frequency)’of m, on shaft 1 is given by 


=(1yG 
p= (3) o 


ra(ay & 


Now if N be the (natural frequency)’ of the whole system, it can be shown that the equation for the 
solution of N is given by— 
N®—N"((P, +P, +...Pon) +N™?{Pi(P3+ Py t+---Pon) + Pi(Pit Pet --+Pon) + Ps(Ps---) ++} — 
N**(P, {Ps(Ps+ Po+---Pen) + Pi(Po+---Pan) + Ps(P;+.+-Pan) +-+-$ +Po{P(Po+..-Pin) +—} + 
Bytacehci sacl HN [sacl] sab tassar a 


where n is the number of shafts and— 


and that for m, on shaft 2 is given by— 


oe a aes" 
P=(= Tl, 395], 
_ & poi . py 
E 39°51,’ Ps= 55-51, : P= 551, me 


The general form of this equation may be illustrated by examples, and the following cases which 
have been worked out by the author of this paper show how the formula may be simplified for cases 
generally met with in practice. 

In these examples it has been assumed that the moments of inertia of the crank masses are equal 
and that the distances between the centres of each crank are the same. 


(1) Zwo mass system—(n=1) oF T 
‘ 


N-(P,+P,)=0 e vs 
where p+ G_ and Pie i. 
3951, * 39°51, 


(2) Three mass system—(n=2) 
NWINE+P,+P+P)+P(P,4+P,)4P(P)=0, 


here P,=_Cs Cs zs = 
where 395 I, and 122) ~ 39°51, ii i 
If I, and I, represent 2 cranks then we have 4, = 3 


N’—N (P,+P,+2 P;)+2P, P;+P, P,=0 


4 Masses (n=8). 


N*—N? [P, — P,+P;+P, +P, +P,] oP N [P, x (Posersee) oF P, (Pessas) ie P,; (P54) AE P, (P,)]} cs [P, {P; (Ps4s) 
+P, (P.)} +P, {P, (P.)}]=0 
and if P;=P,=P,=P, we have 
N°—N? [P, +P,+4P,]4+N [P, x 4P,+P, x 3P;+P; x 8P,]—P, x 3P,’+P, x P,"]=0 


5 Masses (n=4), 


P;=P,=P,=P,=P,—P, 
N‘—N*(P, +P, +6P,) +N? {P. x 6P, +P, x 5P,+10P,"} —N [P, x 10P?+P, x 6P,*4+4P,*] +P, (4P;) 
+P, x P=0 


6 Masses (n=5). 
Case (i) P, and above are equal, 
N'—N‘(P, +P,+P;+7P,)+N? {P, (P;+7P,) +P, (7P,) +P; x 6P,+ 15P,} NP, {P; x 6P,+15P,;} 
+P, x 15P,;'+P, x 10P?+10P3]+N [P, {P; x 10P 24 10P,°} +P, { 10P,3} +P; {4P3} +P,‘] 
—[P; {P;x 4P3+P,34P, x P,]=0 

Case (ii) P, and above are equal, 

NS—N! (Pi+P,+Ps+P,+6P,) + N3 {P.(Ps+P,+6P,) +P, (P, + 6P,)+P,x 6P,+P,x 5P,+P,x 10P,} 
~N’[P, {P, x 6P,+ P,x 5P, + P, x 10P.} +P, { Px 5P,+P, x 10P,} +P, {Px 10P.} + Py { P,x 6P,} 
+P, x 4P,"] + N[P, {P,(P, x 10P,) 4 Po (Ps x 6P,) + P, (P, x 4P,) + P, £P, (P; x 6P,) + P, (P, x 4P,)} 

“Ps {P, (P; x 4P')+P,x P5]—[P, {Ps x 4P'+P, x P} +P, x P,x Ps] 9 


Case (iii) P, and above are equal. 
N‘—N*(P, +P,+8P,)+N3 (P, x 8P,+P, x 7Ps+Ps x 21P,)—N? (P, x 21P°+P, x 15P,'+ P; x 20P,?) 
+N (P, x 20P,+P, x 10P;°+P, x 5P,')—(P, x 5P;'+ P, x P,)=0 
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7 Masses (n=6). 


P; and above are equal. 


N°—N*(P,+P,+10P;) +N‘ (P, x 10P;+P, x 9P;+P; x 36P;)—N° (P, x 36P3?+ P, x 28P,’+ P; x 56P,’) 
+N? (P, x 56P;°+P, x 85P;3 +P, x 85P;*)—N (P, x 35P;' +P, x 15P3'+ Ps x 6P3‘) 
+(P, x 6P;°+P, x P;*)=0 


8 Masses (n=7). 
P, and above are equal. 


N’—N® (P, + P,+12P;)+N°*(P, x 12P,+P, x 11P;+55P;’)—N*‘ (P, x 55P;? +P, x 45P,? +P; x 120P,") 
+N? (P, x 120P,?+ P, x 84P,?+ P; x 126P,?)—N? (P, x 126P,°+ P, x 70P;°+ Ps x 56P;’) 
+N (P, x 56P;'+ P, x 21P;'+P; x 7P;')—(P, x 7Ps°+ P; x Ps’) =0 


9 Masses (n=8),. 
P; and above are equal. / 


N®—N’(P, + P,+14P,) +N*(P, x 14P,+P, x 18P;+ Ps x 78P;)—N° (P, x 78P;?+ P, x 66P3? + Ps x 220P;’) 
+N‘ (P, x 220P,'+ P, x 165P,3+ P; x 330P,°) —N° (P, x 880P;'+ P, x 210P3'+P; x 251P3') 
+N? (P, x 251P,5+P, x 123P;°+P; x 65P,°)— N (P, x 65P,°+ P, x 30P,°+ Ps; x 8P;°) 
+(P, x 8P;’+P, x P;’)=0 


These expressions may be simplified somewhat by putting =a and pep. 


Thus for 7 masses, P; and above being equal we have 
N°—N° P, (a+b +10) +N* P,? (10a+ 9b +36)—N? P,? (36a + 28b +56) +N? P;! (56a+35b +35) 
—N P,' (85a+15b+ 6) + P;° (6a+b)=0 


EXAMPLE OF CALCULATIONS OF NaTURAL FREQUENCIES OF VIBRATION. 


The following practical example is given to illustrate the method of obtaining the natural 
frequencies of vibration of a system comprising a 4 cylinder marine engine, flywheel and propeller, and 
is given in extended detail in order to show the effect of the length of the intermediate shaft and the 
different grouping of the rotating masses on the frequency of vibration. 


In ordinary marine machinery the fundamental and two nodal vibrations are generally the most 
important, the others having such high frequency and small amplitude that their effect is almost 
negligible. 

In special cases, however, of very fast running multi-cylinder engines such as used in aircraft work, 


and the high speed shafts in turbine reduction gears, it may be necessary to consider the higher modes 
of vibration. 


In the pars case only the frequencies for one nodal and two nodal vibrations have been 
calculated, and as the normal running speed of this arrangement of machinery will only vary between, 
say 80 and 120 revolutions per minute, it will easily be seen that calculations for higher frequencies are 
unnecessary. 
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The arrangement of the rotating system is illustrated diagramatically in Fig. 4, “a” being 
the shafting connecting propeller and flywheel, ““b” the shafting connecting flywheel to engine, 
and “‘c” the shafts between the crank masses, the latter being assumed to rotate in a plan perpendicular 
to the axis of the shaft, and through the centre lines of the cylinders. 

For the purposes of this investigation the shafts are assumed to be without mass. 


a Elelecle 


Fie 4. 


Let I, I, and I; be the moments of inertia of the propeller, flywheel and each crank mass 
respectively, and let the diameters of the shafts a, b and c be 12 ins., 16 ins. and 16 ins. respectively, 


Cass I. 
I, = 8 x 10°%in’lbs. + 25% allowance for entrained water. 


I, = 80 x 10° in*lbs. I;= 10 x 10%in’* lbs. each. 
Let the length of “a” be taken as 50 ft., 100 ft., 150 ft., and 200 ft., respectively. 
Part (i)—6 mass system with b= 100 in. and c = 56 in. 


The fundamental equation for this mass system is given in the previous section, where P, and 
above are equal. The values of P, P, P; P, and P; are given by substituting the appropriate values of 


_ NAICS) 2s HEC 

ee (5) T ~ 3951 

where =e the mass polar moment of inertia of the rotating mass about the axis of the shaft, I being the 

aGd! 

321° 
Calculated values for P,, P, and ©, for the four different lengths of intermediate shafting are 

tabulated below :— 


moment of inertia in inch lb. units, and C= The value of G is taken as 12 x 10° lbs. per sq. inch. 


Lin ft. C,x 10° P, P, 
Bi cat jy Sis) ent 39°8 13°27 
10 asco ecotveny act POG 19°9 6°635 
TEDW? Me HRONat es onEg 57 13°27 4°423 
200 is pbees ce 20°18 9°95 3°32 


The values of the other constants are as follows :— 
OC, =771°5 x 108, CO, = 1878 x 10% 
P,;=751:5 P,=754°5 P, to Py, = 1348. 
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The fundamental equations for the four different lengths of propelling shafting are then found to be 
as follows :— 


l= 50ft. N°—9°147 x 10°N‘+ 25°78 x 10°N’—23°99 x 10°N’ +. 54°56 x 10"N —19°62 x 10° = 0. 
1=100ft. N*®—9-12 x 10°N*+ 25°54 x 10°N’—23°3 x 10°N? +- 48°87 x 10"N—9°81 x 10" = 0. 
1=150ft. N®—9°112 x 10°N*+ 25°46 x 10°N'—238°07 x 10°N? 4 46°97 x 10"N—6°54 x 10" = 0. 
1=200ft. N°—9°107 x 10°N*+25°42 x 10°N°—22-96 x 10°N’+ 46°02 x 10"N—4:906 x 10° = 0. 
The square root of the two lowest values of N obtained by solving these equations gives the 
frequencies of the 1-nodal and 2-nodal vibrations. The results will be found tabulated later. 
Part (ii) 4 Mass System. The weights of each pair of cranks has been taken as concentrated mid- 
way between each pair of cranks and the following equations result :— 
50 ft. N*—1524 N’?+4:22 x 10°N—16:06 x 10°=0. 
100 ft. N*—1498 N’+3°84 x 10° N—8'03 x 10° = 0. 
150 ft. N*—1489 N’+ 3°71 x 10°N—5°34 x 10°=0. 
200 ft. N*—1485 N’+3°65 x 10° N—4-02 x 10° = 0. 
Part (iii) 8 Mass System.—In this case we will consider the whole of the crank masses concentrated 


(a) at a distance of 184 ins. from the flywheel, that is at the centre of the engine, and (0) at the after- 
most crank of the engine or 100 ins. from the flywheel. 


Here we have a 3 mass system with P, and P, and R, as before, but modified values of P;, P, and R,. 
The equations for determining N are found to be as follows :— 


(2) () 

50 ft. aa «- N?’—292°4N+10885=0. N’—494'1 N+20040 = 0. 
100 ft. oes we» N?’—265°9 N+5442=0. N’—467°6 N+10020=0. 
150 ft. eee w. N?—257N+43628=0. N’*—458'7 N+6679=0. 
200 ft. tee we =N?—252°6 N+2721=0. N’—454'5 N+5010=0. 


From these equations the values of the frequencies for two modes of vibration may be found. 


Part (iv) 2 Mass System.—If we are only concerned with the vibrations in the tunnel shafting, the 
whole system as illustrated may be reduced to a 2 mass system by considering the whole of the flywheel 
and crank masses concentrated at the flywheel. 


The equations for the frequency of vibrations is then quickly obtained, since only the values of 
P,, P, and R, need be obtained. P, will be the same as in the previous cases, but P, will of course be 
different on account of its increased moment of inertia. The equations are then given as follows :— 
5Oft. ... coe ose «» N—45°49=0. 
LOOTEN Se. aco wee ee N—22°75=0. 
150ft. .... dee tee «. N—1517=0. 
200ft. ... ses soe .» N—11'37=0. 


Case IT. 


In order to show the effect on the frequency of vibration by altering the position of the rotating 
masses we will now consider a system somewhat similar to the previous case but the flywheel will be 
replaced by a light turning wheel and the remaining flywheel effect will be obtained by means of 
counterweights attached to the crank masses. The moments of inertia of the turning wheel and 
counterweights will be taken the same as for the heavy flywheel so that the diameter of intermediate 
shaft will remain the same for each case and consequently the frequencies of the critical speeds for 
single nodal vibration will not be altered. 


I,=8 x 10” in.’ lbs. + 25% allowance for entrained water. 
G=6 >< 108%1n.* Ibe. I,;=16 x 10° in.’ lbs. each. 
a=50', 100’, 150’ and 200’. D==00K: C=56". 


Part (i) 6 mass system. (Ps and above are equal). 
The equations for determining all the values of N are as follows : 
5Oft. moe » N°—6:°9 x 10° N'-+16°1 x 10° N°@—14°58 x 10° N?4 41°27 x 10" N415°1 x 10°=0. 
100ft. tee we» N°—6'8 x 10* N¢4 15°8 x 10° N°— 13°97 x 10° N?4+-37°15 x 10" N—7:54 x 10"=0. 
150ft. wee ve N5—6°8 x 10° N44 15°7 x 10° N°— 13°77 x 10° N?435'8 x 10"! N—5'0 x 10°=0. 
200ft. ae .. N—6'8 x 10? N¢+15°6 x 10° N*— 13°67 x 10° N?435°1 x 10" N—3°8 x 10°=0. 


Part (ii) 4 mass system. 


Here the weights of the crank masses are assumed concentrated at the centre of each pair and the 
equations for the four systems are given by 


5Oft. ..: me . N*— 1887 N?+7°36 x 10° N—28°85 x 10°=0. 
100ft. ... “ep .. N—1834 N?4 6°74 x 10° N—14°43 x 10°=0. 
150ft. ... rs .» N’—1816 N?+6:54 x 10° N—9°62 x 10°=0. 
200ft. ... th ... N—1808 N?4 6:48 x 10° N—7:21 x 10°=0. 


Part (tii) 3 mass system. 


In this case all the crank masses are taken as localised at the centre of the engine a distance of 
140ins. from the flywheel, and the two values for N will be found by solving the equations 


50ft. ... a= Ye we N?—855°3 N+34080=0. 
100ft. ... st =e .» N?—802°3 N+16840=0. 
150ft. ... ee a .. N?—784'6 N+11360=0. 
200ft. ... ee sas «» N?—775°8 N+8520=0. 


All the results of this investigation are shown tabulated in Table 1. 
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Tasie I. 
VALUES OF FREQUENCIES = \/N per second. 


Length of Shafting. 

Mode of Vibration. 
6 Masses 
4 Masses 


(a) 8 Masses 


Case I. 


(6) 3 Masses 
2 Masses 
6 Masses 


4 Masses ... 


Case II. 


83 Masses 


2 Masses 


Summation 
Method ... 


Case III. 
Method IT]. 


FUNDAMENTAL VIBRATION. 


In the first place it will be observed from Table I. that the different arrangements of concentrating 
the crank masses does not alter the frequency of fundamental vibration to any appreciable extent, the 
difference being most marked in the case of the 50 ft. length of shafting and then persly 1 per cent. 
between the 6 mass system and 2 mass system for Case I. and about 8 per cent. for Case IT. For the 
longer lengths of shafting the difference is practically nil. 3 

The disposition of the flywheel weights also does not influence the fundamental vibration to any 
extent except in very short shafts. 3 ; 

The fundamental vibration is however altered appreciably with the length of propeller shafting being 
inversely proportional to the square root of the length. 

For a 2 mass system the frequency varies as the square root of the torsional rigidity C. : 

If therefore we desire to change the fundamental frequency for the shafting of a ship, since the 
length cannot be altered, either the rotating masses at the ends of the shaft or the diameter of the shaft 
must be altered. Keeping the rotating masses the same, and the length of shafting constant, the 
frequency of vibration varies as the square of the shaft diameter. 
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Thus altering the intermediate shaft from 12 ins. to 13 ins. increases the frequency from 3°37 to 
2 
3°37 x (3) = 3°95 per second that is from 202-2 r.p.m. to 237 r.p.m. 


VIBRATION OF THE 2nd DEGREE. 


The results indicate that the length of straight shafting has very little effect on the frequency of 2 
noded vibration, the difference between the vibrations of 2nd degree for 50 ft. and 200 ft. of shafting 
in each case being only about 1 per cent. Altering the size of intermediate shaft will therefore have no 
effect on the 2nd degree vibration. By reducing the moment of inertia of the flywheel and fitting 
balance weights, the frequency is altered considerably from 16°3 to 20°5 vibrations per second. We 
can therefore by re-arranging the rotating masses in the engine itself vary the frequency of 2 noded 
vibrations over a wide range. 

It will be evident that in calculating the frequency for this type of vibration it is necessary to 
consider the whole of the crank masses acting at their respective points as considerable error may be made 
if the arrangement is altered. This is illustrated by comparing the 2nd degree-vibrations for the 
different arrangement of masses, the correct value only been given by the 6 mass system. 

. The degree of error will be less in the case of say 8 crank masses reduced to four pairs of 2 masses 
each. 

The results given against Case III. Method III. were obtained by putting the flywheel at the forward 
end of the engine at a distance 100 ins. from No. 1 crank. The method for calculation was the tabular 
method described below. 


Taste II.—Casez I. 
1 = 200 ft. gq? = 447. 


do. do. 99162 | 11°45x 10° | 23:0 x 10° do. 01670 

do. do. 97492 | 11:°27x10° | 34:27 x 10° do. 02488 

do. do. “95002 | 10°97 x 10% | 45°24 x 10° | 771°5 x 10° 05865 
77°64 x 10° | 81:96 x 107 *89139 | 30°86 10° | 76°10 x 10° | 10°18 10° | 7°4754 
25°88 x 10* | 27°32 x 107 | —6°5841 —76°05x 104 05 x 10° _— — 


Table II. shows the method of calculating the frequency of vibration in a tabular form, the example 
shown being for single noded vibration Case I., length of shafting 200 ft. The value of q’=447 gives 
approximately zero torque at the foot of column 5, the frequency of vibration being f= j= 8-66 


per second. 
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By this method it is necessary to find a value for q* by trial and error and work through the whole 
system, the solution being found when the torque after the last mass is zero. Thus column 4, line 1, 
is the inertia torque at mass 1 with amplitude one radian, and is given by equation (10); column 5 gives 
the total inertia torque, and column 7, line 1, is the twist given by equation (11). This twist, added 
algebraically to the twist given in column 3, line 1, gives the twist of the second mass, line 2, column 8, 
that is equation (12), and so on to the end. 

From this table the relative amplitudes of vibrations of all the masses are obtained and also the 
torque at any point in the shaft for an amplitude at the mass 1 of one radian each side of the equilibrium 
position. By plotting the amplitude at the various sections a curve is obtained giving the angular 
vibration at any point of the shaft, and incidentally also the positions of the nodes. 

If, therefore, we know the amplitude for a critical speed we can calculate the torque, and 
consequently the stress due to vibration can be obtained by the product of the tabulated torque and the 
actual amplitude in radians at the first mass. This method can be applied to the calculation of forced 
vibrations as well as natural vibrations. 

It is interesting to compare the relative stresses at different points of the shaft for which this 
method is particularly useful. Table ILI. shows the calculated stresses for the one noded and two noded 
vibrations of Cases I. and II. and indicates the variation of stress at the different sections for an 
amplitude at the forward end of one degree on each side of the position of equilibrium of the shaft. 

In the first place it will be noted that for the fundamental vibration the stresses are high in the 
intermediate shaft and comparatively low in the crankshaft. The frequency of 1 nodal vibration for 
50 ft. and 200 ft. lengths with or without balance weights on the cranks is the same, but it will be 
observed that where the straight shafting is short, say 50 ft., the stress between No. 4 crank and 
flywheel and in the intermediate shaft with balance weights on the crankshaft, is somewhat higher than 
without balance weights but with a large flywheel. Where, however, the shafting is long, ¢.g. 200 ft., 
the difference is small. It may be mentioned that if the heavy flywheel was fitted at the forward end of 
the engine the stress in the shafting (50 ft. length) would be slightly decreased, viz. 12420 lbs. per sq. inch. 

Turning now to the 2 nodal vibration it will be observed that in this case the stresses are high in 
the crankshaft and low in the intermediate shaft, and that the crankshaft stresses are practically 
unaffected by the length of intermediate shaft. 

The effect of balance weights is to cause high stresses between No. 2 and 8 cranks and No. 3 and 4 
cranks. Where the heavy flywheel is fitted, the maximum stresses are found between No. 3 and 4 
cranks, and No. 4 crank and flywheel. 

The stresses shown are of course only relative, but give an indication of the additional stresses 
above those due to the cylinder torques, which are set up in a critical speed. For the fundamental 
frequency, since this is the same for each case, the stresses are directly comparable. In the case of the 
2 nodal vibrations, however, the frequencies are different, the effect of the balance weights being to raise 
the frequency. By increasing the frequency per second of natural vibration the shafting may be 
subjected to the high orders of forced vibration at normal speed and consequently the resultant stress in 
the crankshaft will be less than would be the case if lower orders of vibration synchronised with the 
working speed. 

As a further example of the effect of altering the position of the rotating weights, we will consider 
the effect of placing the flywheel at the forward end of the engine, at a distance of 100 inches from the 
centre line of No. 1 cylinder. The frequency of fundamental vibration, with 50 feet of propeller 
shafting, is found to be 6°63 per sec., approximately the same as before. For the 2 nodal vibration the 
frequency is 16°5 compared with 16°3 when the flywheel is at the after end of the engine. The stresses 
in the various sections for 1° deflection at the flywheel are as follows : 


Mass. Flywheel. No, 1 Crank. No. 2. No. 3. No 4. 
Stress Ibs. per sq. in. 18080 17600 13560 6780 3280 


Here we find high stresses between flywheel and No. 1 crank and much lower stresses between 
No. 8 ani 4 cranks where the combined bending and torsion stresses due to the cylinder pressures are 
at their maximum. Thus the additional stress due to natural vibration between No. 3 and 4 cranks is 
over 6000 lbs. per sq. in. less, for 1° deflection at forward end than it is with flywheel at after end of engine. 
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Tasie III. 
RELATIVE STRESSES IN SHAFTING. 
f, = Amplitude x */, x 104,600 Ibs. per sq. in. 


FUNDAMENTAL VIBRATION. 2-NODAL VIBRATION. 
Mass Diameter Length. 
— No. gin j Inches. Amplitude. pnp me Amplitude. eieetion ye 
a. 1. some be heise ising we forest oe in 
a 1 16 56 1:0000 980 1-0000 5830 
EE 2 16 56 ‘9673 1920 8018 10680 
é z 3 16 56 “9030 2810 “4447 13300 
33 4 16 100 “8091 3600 — 00038 13300 
ai 5 12 600 ‘D941 12670 — 795 1955 
— 6 12 = —54609 sam + °139 aa 
= 
os 1 16 56 1:0000 1505 1-0000 14950 
23 2 16 56 9497 2930 “5000 22500 
ge 8 16 56 8517 4210 — 251 18700 
<8 4 16 100 7110 5270 — ‘877 55380 
- - 5 12 600 3960 13050 —1-208 2790 
a 6 12 ae — 584 = + +126 = 
os 1 16 56 1:0000 251 1-000 5790 
SE 2 16 56 99162 499 8062 10470 
é8 8 16 56 97492 743 4562 13100 
® E 4 16 100 95004 981 018 18200 
22 5 12 2400 89139 3910 — ‘772 4200 
ar 6 12 ae —6°5841 — + 031 = 
= 
wo 1 16 56 1:0000 399 1-0000 14500 
é 2 2 16 56 98667 798 “5145 22000 
Hg 3 16 56 96017 1175 2210 17780 
a4 4 16 100 92085 1540 — 849 6460 
S - 5 12 2400 82875 3940 —1:236 662 
a 6 12 = —6°70125 — + 0305 =i 
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Torque Curve for Single Cylinder 2S.C.DA Diese! Engine. 
95 Ibs. per sq. in., mean indicated pressure. 
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ForcED VIBRATIONS APPLIED TO MULTI-CYLINDER ENGINES. 


The forces causing torsional vibrations in engines will now be considered. The torque variations 
may be represented by a Fourier series such as— 


T + A,sin qt + A, sin 2qt + A;sin 3 qt.+ 
+ B, cos qt + B, cos 2 qt + B; cos 3 qt.+ 


that is, if the engine torque be plotted against angular displacement of the crank the periodic curve 
obtained can be considered as made up of the sum of a number of sine or cosine curves having 1, 2, 3, etc., 
complete waves in a cycle. 

In the case of a single cylinder two stroke engine the cycle is one revolution and in a four stroke 
engine, two revolutions. 

The sine or cosine curves represented by the terms of the series are called the harmonic components 
of the original curves and their values are obtained by harmonic analysis. 

Fig. 5 shows the twisting moment curve for a 2 8.C.DA single cylinder engine and indicates how 
the curve can be built up by superimposing its harmonic components. 

In addition there are vibrations set up by the accelerating forces due to the weight of the reciprocating 
parts of the engine. These accelerating forces produce a twisting moment in the shaft and likewise can 
be represented by the summation of a number of harmonic components. The resultant twisting moment 
can then be obtained by addition of the harmonic components due to piston pressure and acceleration 
forces. 

Each of the harmonic components is capable of producing vibration the severity of which is 
dependent on its closeness to synchronism with one of the natural frequencies of the whole system. It 
will thus be apparent that it is necessary, particularly in single cylinder engines or engines with few 
cylinders, to calculate a large number of harmonic components if any degree of satisfaction is to be 
obtained. Professor Lewis has stated that vibrations of the 24th order have been recorded. 

The resultant vibration due to a number of cylinders is obtained by combining the vibrations at 
each cylinder and in doing this special care must be given to the sequence of the cranks and the firing 
order of the cylinders. Thus it will be found in combining the vibrations due to each cylinder that 
some orders cancel each other while others add together and also that the magnitude of some of the 
orders is altered due to a change in the firing order of the cylinders. The vibration whose order is equal 
to, or a multiple of, the number of firing impulses per revolution is called a major vibration, and all 
other vibrations are termed minor vibrations. 

The minor vibrations may be large or small, depending on the firing order of the cylinders and to 
whether the particular order of vibration for each cylinder tends to increase or decrease. In the case 
of major vibrations the phase relation is zero and the resultant vibration is obtained by simply adding 
together the vibrations given by each cylinder. 

One of the most interesting examples of harmonic analysis has been made by Prof. F. M. Lewis, 
and the results are given in his paper read before the American Society of Naval Architects and Marine 
Engineers in 1925. 

Seven different indicator diagrams, covering a range of mean indicated pressure from 0 to 140 lbs. 
per square inch, were obtained from a 48.C.SA Diesel. engine of 1,750 B.H.P., and from these 
diagrams torque curves were plotted. A harmonic analysis of each of these curves was made, and the 
first 24 harmonic components obtained. The results were plotted in the form of cross curves on a base 
of mean indicated pressure and can be utilised for 28.C.SA engines as well. 

In a further paper read before the same Society in 1927, Prof. Lewis gave the harmonic components 
for the lower side of a 4 stroke cycle double acting engine, and so from the two papers the results can be 
applied to all types of Diesel engines. 

The writer has also made a similar investigation in respect of 28.C.DA Diesel engines, and the 
harmonic components so obtained are given in Figs. 6, 7, 8 and 9. Representative indicator cards for mean 
indicated pressures of 0,25, 45, 65, 75, 85, 95, 105 and 115 lbs. per sq. inch (see Fig. 10) in both top and 
bottom cylinders were obtained, and from these the respective turning moment curves were drawn for one 
revolution with the top cylinder firing before the bottom cylinder, an allowance in area for the bottom 
cylinder of 12 per cent. in respect of the piston rod being made. A harmonic analysis was made of 


22 


each of these turning moment curves, the results being calculated for 16 orders, which are shown in the 
form of cross curves plotted against mean indicated pressure. To obtain the resultant curves, the 
harmonic components due to gas pressure and inertia forces are added together. Thus if H, is the sum 
of the sine terms of the harmonic torque (cylinder pressure + inertia force) and H, is the cosine 
component (gas pressure only), then the resultant harmonic component is given by 


Hy = Lis H2+ Hes 


In the special case under consideration the ratio of connecting rod to crank has been taken as 4, 
but for slightly different ratios the effect will not be much. 

The harmonic components due to the inertia of the reciprocating masses can be calculated in the 
following manner :— 

Let W = weight of the reciprocating parts, r = crank radius, 1 = length of connecting rod, 
k = ]/r, » = angular velocity in radians per second, @ = crank angle from top dead centre, then it 
may be shown that the twisting moment due to the acceleration of the reciprocating masses is given by 


ES ee" [si sin 20 | [ cos 26 sin? 26 | 
4s g wr sin @ + 2/e— sind x cos 6 + yVr—an'd + TF — an). . 


This expression can be expanded in the form of a series £a, Sin n@, the co-efficient a, of each of 
the terms being the harmonic component of the twisting moment of the n™ order due to the inertia 
forces of the reciprocating masses. 


The harmonic component of any order can then be expressed by F, eat o. 


The values of F, for various ratios of “k” have been calculated by F. Porter and are given in a 
paper read by him before the American Society of Mechanical Engineers in 1928. 
The values of F, for the ratios of k=4 and 4°5 are given below up to the fifth order. 


k sin 6 sin 20 sin 30 sin 46 sin 56 
40 +°06351 —50012 -*19217 —°01613 +°00258 
45 +°05626 —'50008 —'169738 —'01265 +°00180 


In addition there are twisting movements set up due to the deadweight of the reciprocating and 
rotating parts. Thus if W is the weight of the reciprocating parts, the twisting moment is given by 


P sin 26 
T,=Wr{ sin 6+ rea 
or t-te x WE 
F, can also be expressed as a series but only the first two harmonics need be considered, and are given below 


k sin a sin 2a 
40 1 *1270 
4°5 1 "1125 


The twisting moment due to the rotating parts of the connecting rod, crank pin and webs, is 


given by 
T.=W,rsin 6 


The method of obtaining the value of a harmonic component for an engine having more than one 
cylinder is best illustrated by a simple example. 

In this case we will consider the engine having particulars given in the example under 
natural vibrations. 

To find the harmonic torque in the intermediate shafting we proceed as follows. The most severe 
vibrations will, in this case, be brought about when the speed synchronises with the harmonic torque 
of the 4th or 8th order if the engine be of the 4 cylinder 2 8.C.DA type. Take cylinders 27" diameter 
by 89" stroke, 85 lbs. per sq. in. M.I.P. at 100 R.P.M., length of shafting 50 ft., fundamental frequency 
6°66 per second or 400 per minute. The running speed is therefore a fourth order critical. 
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(i) Fourth Order. 
From the curves of harmonic components we have 
H, for gas pressure only =41°7 
H, for inertia of forces of reciprocating weights, assuming reciprocating weights equal to 20 lbs. per 
2 

aeeD x 10°47? x oe =— 848 

H, gas pressure only=24°5 

Hyp= /H2+H2=/ 69? + 245°=25°45 

.. Harmonic torque for whole engine=8 x 25°45 x *7854 x 27? x 19°5=2'27 x 10° inch Ibs. 

“94 x 85 x *7854 x 27? x 19°5 x 8 


The mean torque will be ———~——__ 227 x 10° inch Ibs. 


sq. inch of piston area= —-01613 x 


(ii) Bighth Order. 

The eighth order critical speed will be at 50 R.P.M. Suppose M.I.P. at this speed to be 
34 Ibs. per sq. in. 

then H, gas only=1°7 
H, gas only=—'3 
H, for inertia of reciprocating weights eighth order may be neglected at this speed. Its value 
is however="00538 
Hence we have H,= / 1°77+3?=8'45 

This value being only } that of the fourth order, its effect need not be considered. 


STRESSES IN INTERMEDIATE SHAFTING. 


In the case of marine engines it has been shown previously that for one noded vibration there is 
little difference in the frequency of vibration when the engine masses are taken as concentrated at the 
after end of the crankshaft. It is also shown in Appendix II. that provided the frequency of forced 
vibrations is not too close to the natural frequency of vibration, the damping is small, and for all 
practical purposes may be neglected. 

Bearing these conditions in mind, the amplitude of vibration of a system consisting of, engine 
masses and propeller connected by shafting is given by 


Re orca gett saat ict) 
J 0-5) /G-3 
T) D, 
where Y is the statical angle of twist due to excess torque dT, and 


_ 60 Ggrd' 1,+ 1, = 
= 53 Ge 0 Pages esa (ii.) 
I, and I, being the moments of inertia of the engine masses and propeller respectively. 

The frequency of the forced vibrations n, depends of course on the type of engine and number of 
cylinders. 

Since the torque is proportional to the amplitude, it follows that the twisting moment causing this 
additional amplitude is given by 


Ne 


dT ee 
sre Zoropcepacts Sabon (lll) 
Ny 
The value of dT at any instant at the forward end of the straight shafting will be the difference between 
the engine torque and the propeller torque. The former can be obtained for any engine from the 


harmonic coefficients for that particular type of engine. The propeller torque, which has a damping 
effect, will depend on various factors, and is discussed later on in the paper. 
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A simple solution for the determination of V, the statical amplitude, which is applicable to most 
ordinary cases can be obtained by assuming the propeller torque to be constant shit equal to T,, the 
mean engine torque. 

Let AT be the engine vibrating torque and consider only this force acting. 

The equation of motion for propelling shafting is given by 


d’6 1 LV =ARd 
aete(pt i) °= I, 
(Norg. This is obtained by putting A T for Ty, and T, = 0 in equation (3), Appendix II.) 

If now we consider the shafting to be rigid and the variation of the excess atte to be very slow, 
the propeller will be always in the same position relative to the engine cranks. In this case we may 
neglect the effect of the acceleration, and the amplitude or angle of twist in radians is given by 
= AT x aes SD =—AT ° Tp 

le re ¢ 1 C L+tL 

a 

I, I, 
that is, the excess torque at the forward end of the propelling shafting for rigid conditions is only a part 
of the total excess torque of the engine. 

Under these conditions part of the excess torque accelerates the engine rotating masses and the 
remainder accelerates the propeller, the excess torque applied to the propelling shafting being 


Is 7 P . E 
dT=;—/y7, x A T and that accelerating the engine being > —*y-x AT. 


Replacing dT by a x AT in equation (iii.) the total twisting moment in the intermediate 
Pp 
shafting is given by 


and putting h = ——* _ 
Pp 


hz 
the total twisting = T,, a = J fi ‘ (2 ’) 
D, 
and since the shear stress f is given by 
f= 16 Tn 
a d® 
the maximum stress in the shaft is given by 


Ty 


hz 
fons = 3 if an War a ey) ee ie (iv.) 


For any given type of engine h and z are known, and given the necessary particulars (7) can be 


calculated and so from (iv.) the stress in the shafting of known diameter “d” can be calculated. 

Given a maximum safe working stress the sizes of shafting to suit any type of engine can be 
calculated as follows. 

For the twisting moment T,, we may put 


T __83000 x 12 x B.H.P. 
a. | eX RPM 
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The safe working torsional stress usually adopted is 5930 lbs. per sq. in. on I.H.P. basis or 
5340 Ibs. per sq. in. on B.H.P. basis. Equation (iv.) above may now be written 


hz 
P 16 x 3300012. B.H.P.f 1 + pecan eed 
d340=957 x 5340 X¢ eat va 1-(*) | ) 


n, 

ee fe B.H. a ca a 

ee ee a ee ) 
or data ee 


3 hz 
where d is the diameter of intermediate shaft and C = / Bae / y-@yy 
“Ans J 


Example. 


Four cylinder 2 8.C.SA Diesel engine developing 1600 B.H.P. at 96 R.P.M. WD,’ for 
engine=30 x 10°in."lbs. WD, for propeller=12 x 10°in.?lbs., equivalent length of intermediate 
shafting=150 ft. 


_ 60 12. 10° x/82:2'x 12 xix dd‘. 30-10 
32 x 150 x 12 * 30 x 10° 


N= 

Since “d,” the diameter of the intermediate shaft is required, we must assume a value for it in 
order to obtain ng, 

Suppose we take a value of C=1°15, then 


d=115 wee =11°5" 
96 


and substituting this value of d in expression above for n, we have 
n, = 734 vibrations per minute 
and n, = 4 x 96 = 384 per minute 


. (Pe)? (384\* _. 
() = (Fai) on 


2. § 


12430 7 


3 2 3 
a On 1 a 394 =1° 
v/ + eto n/ ¥39 1118 


The assumed value of C=1'15 was therefore too large, but the correct value may be quickly 
obtained by trial and error, and will be found to be 1°122, giving a shaft diameter of 11°22 inches. 

It may be mentioned that if the shaft is made 11-22 inches diameter, the critical frequency will be 
697, and the 8th order critical speed will be about 87 revolutions per minute. 

This speed is not far removed from the normal running: speed, and has to be passed through in 
getting up to normal speed, and in heavy weather might be the running speed. 

The amplitude of vibration will be smaller than that of the 4th order, nevertheless care would 
require to be taken not to run for too long a period at this speed. 

In four or eight cylinder engines the torque variation from a four bladed propeller can be used to 
reduce the torque fluctuations in the propelling shaft by so arranging the blades to be out of phase 
with the 4th order harmonic torque of the engine. 


For this engine at 96 R.P.M., z=1, and h= 
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Damping Forces. 


It is shown in Appendix II. that owing to the action of the damping forces the amplitude in a 
critical speed becomes a measureable quantity, and not infinity. 


In the next two sections it is proposed to deal with the two principal damping forces acting, viz., 
propeller damping and damping due to internal friction in the material of the shaft. In most ordinary 
cases of marine machinery it will be found that the principal damping forces acting in the straight 
oe - that due to the propeller, while the hysteresis damping is practically confined to the 
crankshaft. 


PROPELLER DAMPING. 


If Q be the torque of the propeller and w the angular velocity of the propeller shaft in radians per 
second, then, on the assumption that the damping is proportional to the velocity, the damping factor k 


is given by— 
dQ 
k= —*% 
dw 


dQ 


Prof. Lewis. has shown how the value of aq an be obtained for constant ship speed and variable 


aw 
slip ps the results of experiments on propellers carried out by D. W. Taylor (see “Speed and Power 
of Ships”). 


If S = Nominal slip or slip in still water. 
P = Pitch in feet. 
R = Revolutions per minute = ° ry 
V = Speed in knots of propeller relative to the water in which it moves. 


m = subscript denoting corresponding properties of model of propeller, 
then the slip being the same for each propeller we have— 


8Q 8Qu0 
3s = Ss 
Q Qn 
80. ok siggy | =a9q'- Ig, O%G 
No = th’ & and since 8R = = bo « 35 a0 Se" 
Also P(1 —s)R = 1012 V, from which = mn os 


Substituting we have— 
8Q 
8Q_2r dQ eR  ., 8Q_60 1—s dQ_ 60x QU—s) &, 
Seco 


00’ We Toe he ae 2k 


and using the model propeller experiments we have— 


8Q., 
a 60Q(1 —s) : PS adh crs Eee (80). 
byO) 2Qrk Q, 
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The values of a ]Qm can be determined from the curves of Q and s 


given by Taylor (Figs. 185 to 208 in his book) at the slip corresponding to the 
maximum propeller efficiency for the model propeller similar to the ship’s 
propeller. 

F. Porter has calculated these values for all the model experiments. The 
results for pitch ratio = 1 are given in Table IV., and in the writers opinion 
may be taken as satisfactory for pitch ratios varying from ‘9 to 1°1, which are 
most commonly met with in ordinary cases. 

The model propellers used in these experiments had three blades of 
elliptical form, 16 in. diameter, 3°2 in. boss diameter, ,%; in. tip clearance and 
were towed at five knots speed of advance. Mean width ratio is h + diameter, 
where h is the width of a rectangle whose length is the distance from the tip 
to the boss and whose area is the developed area of a blade. Blade thickness 
ratio = AB + diameter where AB is the intercept at the axis of the lines 
shown in Fig. which are obtained by a plane passing through the axis and the 
centre of a blade. 


Tape IY. 
dQ 

y= = 

hie 
Pro- | Pitch | pitgy | Mean | Pr@lected | original ae gee. | nee 
eller in : Width E Blade Kae kes. ky: se 
P Ratio. 1 Cut. 1 Cut. 1 Cut. 
No. | Inches. Ratio. Disotires! Thickness. 


11 | 16 | 10 | 0-15 | 0°1919 | 0:1088 | 2°8 | 0°0774 | 3:1 | 0°0516 | 3°6 | 0°0258 | 4-4 
12 | 16 | 10 | 0-20 | 62557 | 0:0894 | 3-2 | 0:0672 | 8°6 | 0-0448 | 4-2 | 0°0224 | 4°8 
is | 16 | 10 | 025 | 03198 | 00800 | 3:6  0-0600 3-9 00400 | 47 | 00200 | 52 
14 | 16 | 1:0 | 0:30 | 0°3887 | 0:078 | 3:8 | 0°0544 | 4:2 | 0°0863 | 5:1 | 0°0181 | 55 
15 | 16 | 1:0 | 0-85 | 0:4476 | 00676 | 4:1 | 0°0507 | 4°6 | 0°0388 | 5-4 | 0°0169 | 5:8 


Dr. Bauer in his book on marine engines states that the resistance of the propeller varies approxi- 
mately as the 3°8 power of the or. For small fluctuations in speed at constant speed of ship this gives 


a value of k, = 3°8 which is probably not far wrong for most ordinary types of cargo vessels. 


DAMPING DUE TO INTERNAL FRICTION. 


Hooke’s law states that if a load be applied to or released from a body, the strain increases or 
decreases by a proportional amount within certain limits and that when the load is entirely removed the 
strain becomes zero. It has, however, been shown by experiment that even very small stresses leave 
some permanent set. If now a specimen be put through a cycle of stress and the strain measured very 
accurately, it will be found that the strain at an intermediate point during unloading is greater than 
that during loading. 

This lagging of the strain behind the stress is due to internal friction and is termed the elastic 
hysteresis. Thus due to this hysteresis, a small amount of energy is absorbed by the material which is 
dissipated as heat in the material. If we imagine a specimen put through a cycle of stress varying from, 
say 0 to + 5 tons per sq. in. to — 5 tons per sq. in. to 0, the stress-strain curve will not be a straight 
line but a closed loop and the area of this loop will give the energy absorbed in the cycle. 
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There is not a great deal of information available regarding the elastic hysteresis of steel, but use 
may be made of the results of two experimenters. The first reliable experiments were carried out by 
F. E. Rowett and are given in a paper on the Elastic Hysteresis in Steel (Proceedings of Royal Society 
1918-14, Series A.89). The experiments were made on thin mild steel tubes of one quality which were 
subjected to alternating torsional stresses within the elastic limit, applied quickly and also slowly by 
hand, and it was found that the energy absorbed varied as a power of the stress range between the 
square and the cube, that is 


where s = } the stress range 
f,, = the hysteresis constant 
o = the hysteresis component 
W =energy per cubic unit. 


Using Rowett’s results and plotting the values of 4 the stress range against the energy absorbed in 
inch Ibs. per cubic inch per cycle, Prof. Lewis has found that up to a stress of 8000 lbs. per square 
inch the value of o may be taken as 2°3, f being 1:37 x 10°, but beyond 8000 Ibs. per sq. inch, the 
hysteresis increases at a much greater rate. The results of Rowett’s experiments are shown plotted in 
Fig. 11 and Fig. 12, the units of measurement having been altered to inch lbs. In Fig. 12 the results 
are shown plotted to logarithmic scales and straight lines have been drawn through the experimental points. 

From these results the writer finds agreement with Prof. Lewis’s figures but considers that the curve 
may be represented by the following equations, viz. : 


(¢) Up to 7000 Ibs. per sq. in. 


Wm aa SP sssseee 10). 
(ti) Above 7000 lbs. per sq. in. 
w= st gh eS vsee(38) 


where § is } the stress range in lbs. per sq. in. and W is in inch Ibs. per cubic inch. 

It is considered that for ordinary calculations the formula for W up to 7000 lbs. per sq. in. 
should be used. When however, calculations are made to ascertain the actual stress conditions in a 
critical speed where obviously heavy stresses and vibrations are apparent, or else breakdown has actually 
occurred, it is considered that the value of W given in the formula for stresses above 7000 lbs. per 
sq. in. should be used. It would appear from published results, that generally the calculated 
amplitudes are somewhat greater than those recorded by torsiograph readings, but this will be referred 
to later. 

Experiments have also been carried out on various materials by O. Féppl, the most recent being 
given in V.D.I., 25/9/26. 

In these latest experiments a high grade structural steel was used, containing 0°52 C. and 1°32 Mn., 
and having a tensile strength of about 46 tons per sq. in. The apparatus was so arranged that the 
specimen was maintained in a state of torsional vibration by means of an applied alternating torque 
having the same frequency as the natural vibration of the system. The quantity of energy required to 
maintain the vibration was measured, and the damping factor W taken as the energy supplied per cycle 
per cubic cm. of the specimen. 

The experiments showed that the damping factor W was independent of the frequency f for values 
of f between 0 and 2400 per sec. As in Rowett’s experiments it was found that a critical point 
occurred above which W increased rapidly. The stress at this critical point was about 13°5 tons 
i sq. in. It was further found that there was a marked difference in the shape of the curve obtained 

y plotting W against S if the material had been previously stressed for a prolonged period to a stress 
greater than 13°5 tons per sq. in. 

The results for two series of experiments, Nos. 87 and 88, are shown plotted in Figs. 13 and 14. 
In the actual experiments the energy was measured in cm. kgs. per cubic centimetre, but the results 
shown have been converted into inch lbs. per cubic inch. 


29 


In Fig. 14 the strain has been converted into a stress in Ibs. per sq. in., a value for G@ of 11°5 x 10° 
Ibs. per sq. in. being assumed, and the results shown are the logarithms of stress and energy. 

The curves drawn in full line represent the results obtained from the specimens in their original 
condition and show that the damping factor increased slowly at first, but a critical point occurs when a 
value of the strain « between 0°0025 and 0°0027 is reached, when the damping factor increases rapidly. 

The critical point in these experiments is more clearly defined than in Rowett’s experiments. 
The dotted line curves indicate the results obtained after the specimens were subjected to prolonged 
alternating torsional vibrations with e greater than 0026. In the case of Nos. 87 and 88 the number 
of vibrations at this strain was 3°55 x 10° and 9°77 x 10° respectively. The dotted curves show a 
marked difference from the original curves and indicate that the effect of the internal damping of the 
vibrations depends on the previous history of the material. 

As in Rowett’s experiments, the results may be expressed by means of a formula of the type 
W=f,S°. The equations for the four curves have been evaluated by the writer, and are tabulated 
below. 


No. 87 original He . = wat? x gr 


10" 
No, 87 after 3°55 x 10* vibrations...  W = 7, x 8 
No. 88 original Fe Fe MS on xe 
No. 88 after 9°77 x 10° vibrations ... Wie a Xana 
Approximate mean original ... ee v= he aa 
ns » after 10’ apna ve W= oe Di sy! 


These results apply for stresses up to about 23,500 Ibs. per sq. in., that is up to the critical point. 
The values above the critical point can be easily obtained from the straight lines drawn in Fig. 14 for 
the original condition, but are not so definite for the stressed condition. It will be noted that the 
damping below the critical point for this higher carbon steel is much less than that for ordinary mild 
steel. 

In the case of a uniform hollow circular shaft the hysteresis loss per unit length may be calculated 
as follows, where r, and r, are the external and internal radii respectively 

Ty 
W=/ 2erf, x (S2)"ar=** fx se HIM 
Ty TY 2 + Cc ro 


which reduces to— 


ape eee 


_ 25 
We sh x re Waetcenne teasers (35). 
for a solid shaft, r being the external radius. 


Using Rowett’s results for ordinary mild steel for stresses up to 7,000 Ibs. per sq. in., equation (85) 
ate 1°33 
becomes by substituting f, = Fo" and o = 2°3, 


2m 1°38 : ‘ 
STs aa ee pore eaee cesty ist (36) 

It would appear, however, that in the absence of more definite data regarding the variation of 
hysteresis with different steels and their subsequent treatment allowances to be made on account of 
damping of this nature can only be approximate. Rowett states that for a hard drawn tube used in his 
experiments the hysteresis for all stress ranges was only } of the hysteresis in the same tube after it had 
been softened by annealing. 

In addition to the above two main causes of damping there is damping due to the friction of the 
engine and shafting, vibration of the engine and ship, and working at couplings, keys, etc., but it is 
extremely difficult to make allowances for damping of these types. 
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As stated previously it appears that the calculated amplitudes are greater than those observed by 
torsiograph indicating that all sources of loss have not been allowed for and is most probably on account 
of allowances for damping of these latter types being incalculable. 

In the next section but one a method is given for obtaining approximately the amplitude of forced 
vibrations in any critical speed. 


RESONANCE CURVES. 


In order to show the amplitude of vibration at any speed over which an engine may require to be 
operated a graph may be plotted in which abscissae represent revolutions per minute or frequencies 
per minute and ordinates represent the amplitude at any given point in the shaft, e.g., the forward end, 
or between the last crank and flywheel. 

The curve so obtained is called a resonance curve and indicates the speed or frequency at which 
amplitudes may be dangerous. 

It has been mentioned previously that the twisting moment curve may be considered as composed of 
a number of sine and cosine curves and that each of these components causes a vibration the amplitude 
of which may be large or small depending on its nearness to synchronism with the natural frequencies of 
the shaft. The shaft system may therefore be considered as having a number of critical speeds of 
frequencies i 4, F, ete., of the natural frequencies of the system, that is vibrations of the second, third 
or fourth order, ete. 

The amplitudes for each of these orders of vibration can be obtained from the respective harmonic 
components and may be plotted separately thus giving a resonance curve for each order. The resultant 
amplitude at any speed can then be obtained by adding together the amplitude due to each order at that 
speed. In calculating the amplitudes allowance must necessarily be made for the damping forces and the 
harmonic coefficients used will of course require to be those corresponding to the mean pressure in the 
cylinders at the speed under notice. ° 

For speeds a little removed from the critical speed, the amplitude of vibration may be calculated 
without making allowances for damping. In the case of four stroke cycle single acting engines it is 
necessary to take account of half orders, such as 43, 5}, 64, etc., and in many cases it will be found that 
they give rise to considerable stresses depending chiefly on the firing order of the cylinders. 

To find the amplitudes of forced vibrations by means of the tabular method of concentrated masses 
we proceed in the same manner as for natural vibrations but start with an amplitude x instead of unity 
at the forward end of the shaft and at each cylinder add its harmonic torque. The torques at each point 
will then be given in the form ax + b, and by equating its value to zero at the last mass, the required 
value of x is obtained. 


CALCULATION OF AMPLITUDES DUE TO DAMPED FORCED VIBRATIONS IN A CRITICAL SPEED, 


Owing to the various factors causing damping, the calculation of amplitudes in the critical range 
can only be approximate, and for the present it appears that the mathematical treatment of the subject 
is in advance of the experimental. 

It is shown in Appendix II. that outside the critical range the damping has little effect on the 
amplitude of vibration, but when the external harmonic torque coincides with one of the natural 
frequencies of vibration and resonance occurs, damping forces must be taken in account. 

These damping forces have been generally assumed to be proportional to the velocity and it will be 
assumed here that this is the case, 


Consider two points, A xa’ 
and B in a shaft acted at A by 
a harmonic force T, and 
suppose the damping force to 


to the damping force will be 


Th ~x WY = ka. qsingt...... 


where k is a constant depend- 


be acting at B. 

Let a = ,, Sin qt be the 
angle of twist at the point B. 
Then the opposing force due 


ing on the kind of damping. 
At resonance, the phase of 
difference between the torque 
producing the forced vibration 
and the displacement is 90°. 
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Suppose T, cos qt to be the torque acting and let y, =X, sin qt be the angle of twist at A, the 
amplitude of forced vibration can be found by equating the work done by the harmonic torque to the 
work absorbed at the damping point. 


2a 


2a 2m 
. q q 
snipe dyn In age ds 
A ke. edt = oT, cos qt GF dt 


and since p_ =A, Sin qt and p, =A, Sin qt 


t=— t= 
yore 
> kar, q?cos*qtdt =~, Tr, pcos* qt dt 


= Ay Tit eee eee eeseeeeeeeee (37) 
— T, AL 
and X oo (38) 


If \, be the amplitude at the forward end of the engine and X’, X’,, X', represent the amplitude of 
vibration in the normal elastic curve at the same points we have 


The above method gives the amplitude of forced vibration for a simple harmonic torque with 
damping applied at any part of the shaft. 

In the case of a shaft acted upon by a number of harmonic torques the amplitude at the forward end 
will be given by 


The summation sign & is the vector sum, the torque at each cylinder being given in relation to its 
phase. P 
In the case of an engine having n cylinders the amplitude at the forward end is given by 


and for the whole group of cylinders we have 

ty Ms 
kon es 
Now the work done by a single harmonic torque has been shown above (37) to equal 


he — 


1 

Wy= dy Tread. NP. Ty x 

and for the group of cylinders we may write 
2W,=W= TEM Or REET EERO (42) 
f 

or expressed in degrees 

AN 7 y 1 

Wiss SER seaeseeasokaens> ..(48) 


180 * X 
where W is the energy given to the shaft during one vibration by the harmonic torques of all the 
cylinders. 
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We are now in a position to calculate the amplitude at the critical. Without damping, the amplitude 
at the critical speed would be infinite, since the energy given out by the harmonic forces is not absorbed. 
With damping the limit to the amplitude occurs when the energy put into the shaft by the harmonic 
forces is equal to the energy taken out by the damping forces. The energy due to each of these factors 
may be expressed in terms of the amplitude \ at the forward end of the shaft. If, therefore, a curve is 
plotted representing the damping losses in terms of \ and also the values of W in terms of \, given by 
equation (41) the required value of the amplitude is given at the intersecting point. 

When the damping is confined to that due to the propeller or to hysteresis we may make use of the 
results given in the previous sections dealing with damping losses of these types. 

For propeller damping we use equation (30). In the case of hysteresis we have from (31) 


Wi=f, 87 =f,'n7 
If W, be the hysteresis loss for 1 degree of amplitude, then for any amplitude \ the loss is given by 


W, x X” and since W,, the energy for 1° amplitude given by the harmonic forces, is y 


. Wy X X= W, Xx 0” 


A= ve Wa 
1 

or k= ey Le for mild steel ...........0seeeee (44). 
1 


The following example shows how the foregoing results may be applied to an actual case. 

For the arrangement of shafting we will take the example Fy as given of a four cylinder 
engine. Suppose this engine to be 2 8.C.DA running at 100 R.P.M. giving a mean indicated pressure 
of 85 lbs. per sq. in. The sizes of the cylinders may be taken as 27" diameter by 39" stroke, 
length of straight shafting, 50 ft., giving a frequency for single noded vibration of 6°66 per second, 
equivalent to a speed of 400 revolutions per minute, and propeller pitch ratio P/D = 1. 

The values of the mean engine torque and harmonic torque are 2°27 x 10° as given in the 
section devoted to forced vibrations. 

The torsional rigidity of the propeller shafting for 50 ft. length is 40°72 x 10° lbs. per sq. in. 


(a) Intermediate Shaft. 
The principal cause of damping will be from the propeller. Suppose we take— 


5 Qn 
on = 3'8 
Then using equation (30) we have 
100 Qs) aie: 
sas tle ir eee 


Taking s=12 per cent. and Q, the propeller torque equal to ‘80 of the mean engine torque, then 
c= 80. y, 227 108 x8 X (1="12) X38 _ 5g a9 
27 100 


Also since the system may be considered as a two mass system, with engine weights at one end of 
the shaft and propeller weight at the other end, we have 


ny ML 10x 1081 


and from equation (38) 


M x 2°97 10° ie a . 
Nes is <a eeeexie ee 


33 


The propeller amplitude will be 00191 x 7 = -01337. 
Total twist in shaft = 3 x °01837 = °01528 radians. 
Torsional rigidity = 40°72 x 10° 
.. Excess torque = 40°72 x 10° x 01528 = 622,000 in. Ibs. 


This excess torque is not very serious, and with the engine running at this speed there would be no 
external evidence of vibration. 
The mean stress in the shaft is given by 


2270000 x 16 ; 
fn = —a x 1ge * :0°8 = 5335 Ibs. per sq. in. 


The stress due to vibration is 
622000 x 16 


f= + mw x 125 


= +1830 lbs. per sq. in. 
and the maximum stress in the shaft will be 7165 lbs. per sq. in. 

It would, however, be advisable not to run the engine continuously at this speed, since while the 
stress is not excessive, it will be greater at abrupt changes in section of the shaft. By running the 
engine at a normal speed of, say 90 revolutions per minute, the stress would be less, and since the fourth 
order critical is above the working speed there would be no fear of vibration. The example given shows 
that where the engine rotating masses are considerably greater than the mass of the propeller, the 
arrangement of the system is self-damping. 


(b) Crankshaft. 


In the case of the 2 nodal vibration the frequency was found to be 16-2 per second. 
The fourth order critical speed is 


16-2 x - = 243 R.P.M. 


and the eighth order critical speed is 122°5 R.P.M. 

Both of these speeds are well above the normal working speed so no trouble from vibration in the 
crankshaft would ensue. The 12th order vibration is too small to have any effect. 

It will be observed from Table III that with 2 nodal vibration the amplitudes of vibrations are 
high in the crankshaft and low in the straight shafting. If, therefore, the system was running at a speed 
near a critical, the damping in the crankshaft would be entirely due to hysteresis and consequently the 
amplitudes would probably be severe. 

In the case of Diesel engines the four stroke cycle single acting type is worse than two stroke 
engines in this respect. 

In order to show how severe the stress may be in four cycle engines the following example of a high 
speed engine is of interest, it being almost identical with an actual case. 

Four stroke cycle single acting Diesel engine having 8 cylinders 14" diameter by 153" stroke, 
developing 700 B.H.P. at 400 revolutions per minute. Size of crankshaft 7}'' diameter, propeller shaft 
5'' diameter and 500” long. Propeller 3 bladed, pitch 50’, diameter 623’, P/[D =°8, developed area 
1400 sq. inches, projected area 1240 sq. inches, mean width ratio *30, projected disc area *404, blade 
thickness ratio 054. Skeleton shafting arrangement is illustrated in Fig. 15 and the various constants 
are also shown. 

To obtain the values of the fundamental and two noded frequencies a graphical method due to Prof. 
Lewis has been employed, called the polar diagram, which, when completed, gives the relative amplitudes 
of vibration at all points of the shafting. 

The polar diagrams for one noded and two noded frequencies are shown in Fig. 16, and the method 
of obtaining these diagrams is given in Appendix III. 
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We will first give the calculations for the stress in the propeller shaft, and then calculate the 
amplitudes of vibration and consequently the stresses in the crankshaft. 


(a) Propeller Shaft. 8 Qn 
From the particulars given for the propeller, and using Taylor’s curves, the value of 8s = 41. 


The fundamental vibration is found to be 7°87 per second, that is, 472 R.P.M. The fourth order 
critical speed will therefore be 118 R.P.M. This is far below the normal full power speed, but, as it 
may be necessary to run the engines for considerable periods at reduced power and also as this speed 
must be passed through when working up to full speed, it is as well to know the vibration stress, 

The propeller torque at 118 R.P.M. has been calculated to be 9,600 in. lbs., giving a mean indicated 
pressure in the cylinders of 34°5 Ibs. per sq. in. Using Lewis’s harmonic curves for 48.C.SA engines, 
the value of the resultant harmonic component is found to be 14. 

The harmonic torque for whole engine = 14 x 8 x 14’ x °7854 x 74 = 183,700 in. lbs. 


Taking the slip at 12 per cent. we have 
_ 60 _ 9600 x 88 
eo ES 
nN, "25 10° 1 


x 4°91 = 2800 


133700 1 é 
he = Bax 87 x 2800 * 10 = “00926 radians, 
Propeller amplitude = -00928 x 10°2 = 0946 radians, 
Total twist = -10388 
C for shafting = 1°41 x 10° 
.. Torsional moment = 146500 inch lbs. 


.. Torsional vibration stress = 28 So = 5980 lbs. per sq. in. 
The mean stress in the propeller shaft is ee = 391 lbs. per sq. in. 


It will thus be apparent that quite severe vibrational stresses will operate at this speed although the 
mean stress is almost negligible. The vibration stress is, however, not objectionable as its maximum 
value is not greater than the working stresses usually adopted. It may be mentioned that at full 
working speed the mean stress is 5430 Ibs. per sq. in. 


(b) Crankshaft. 


The polar diagram gives a two noded frequency of 33 per second, or a speed of 1980 R.P.M. The 
5th order critical speed is 396 R.P.M., almost the working speed. There will be a considerable number of 
critical pee below this in the working range, the most severe of which will be the major criticals, viz., 
8, 12 and 16 orders, the corresponding revolutions being 247, 165 and 123°5 respectively. 

In order to show the stresses set up at major and minor criticals in the working range, the values for 
a number of orders of vibration have been calculated, and are shown in Table V. Critical speeds of two 
orders above full speed have also been calculated. In the case of the 44 order at 440 R.P.M. the 
amplitude is fairly severe, and at the 4th order the vibrations are very severe. The 4 order 2 noded 
critical speed will be dealt with later. 

a ay method of calculation will now be briefly stated so that the whole process can be easily 
ollowed. 

Referring to Table V, column 1 gives the different orders in the working range, column 2 the 
corresponding revolutions per minute. In column 3 the propeller torques are given for the corresponding 
speeds. These have been calculated from the torque at full speed, that is, at 400 R.P.M., by assuming the 
torque varies as square of the speed. To obtain the mean engine torque given in column 4, the 
efficiency of the engine at full power has been taken to be 72 per cent. 


OF 
on 


The value of the friction torque is thus obtained, and since this may be taken to be constant as the 
load is varied, as revealed by a large number of Diesel engine tests, the mean engine torque for the various 
speeds is easily calculated. 

Having obtained the total mean torque, the torque per cylinder, column 5, is calculated, and so the 
mean indicated pressure in the cylinders, column 6, ascertained. Knowing the M.LP. at the different 
we the resultant harmonic components, column 7, are taken from Lewis’s harmonic coefficients, and 
the total harmonic torque per cylinder, T, column 8, is calculated by multiplying the harmonic component 
by the area of the piston times the crank radius. In column 9 the XX’, is the vector sum of the 
amplitudes at the cylinders obtained from the normal elastic curve. These resultant vectors have been 
obtained from the phase diagrams which are shown in Fig. 13. The value of the vector at each cylinder 
is given in Table VI., \; the amplitude at the forward end of the crank shaft, that isat No. 1 crank, 
being taken as 1°5 from the polar diagram. 

The number of the vectors are indicated and refer to the cylinder number. The resultants are 
er obtained by taking vertical and horizontal components. 

he value of W,, column 10, the energy for 1 degree amplitude at the forward end of the engine is 
obtained by using equation (41), 
4 Tr x 


that is, Ws = 80 . x, rN, = 0365 Ty Pepa 


since M = 1/1°5. 
LY 


The amplitude of vibration given in column 11 is obtained by the use of equation (44) and is 
given by 
3 We 

W, 
where W, is the hysteresis energy for 1 degree amplitude at the forward end of the crankshaft. 

To find the hysteresis energy for 1 degree amplitude we proceed as follows. 

The torque at each rotating mass is calculated from the polar diagram, or by the tabular method, 
whichever is employed. In the case of the polar diagram we measure the ordinate at any point, then 
for 1 degree amplitude at the forward end, the torque at any point is given by 


Said 


T = wes a) 
180 g 
(see Appendix IIT.), where y is the ordinate and \'; the relative amplitude, as measured by the abscissa 
at the forward end of the engine in the polar diagram. For the present case we have 
23X33 _ 3°35 x 10° 
as 5 oe a 7 ) 
Knowing the torque, the stresses at the same points are obtained thus 


eee a 


or T= i x 616000 


The stress for 1 degree amplitude is given by 
Sree 616000 
91°3 
The hysteresis loss in in. lbs. per inch length of the shaft is next calculated for the same points of 
the shaft by using equation (86), and is given by 
1°94 29°1 
W = To" (334)° s*3 = To" §73 
A curve is then drawn, in which the abscissae represent the length of the shaft and ordinates the 


value of W for each point in the shaft. The total hysteresis energy loss for 1° amplitude at the forward 
end is given by the area under this curve (see Fig. 15). 


= 6740 lbs. per sq. in. 


13 


NNN eeee een ee ee EE ee ee OE EEE 


Engine | Torque |M.I.P.| Resultant 


Fropeller) ‘Mean | per | Lbs. | Harmonic |Mrmonic| | Vion, | at For. TBGon tT Bees. 
Sects. | roastiae| oat | ota Re | eta oc |rauit fie 8RMws Fars seme ec ap ee 
ror 168300 | 211000 Pe, 15°3 | 18250 ga 5225 34500 | 37030 
133300 | 176000 112 | 13350 | 1:06 516 5830 | 7760 
108000 | 150700 esate deg 84 | 10020 eae 106 added 1730 | 3380 
ta eee 89300 | 132000 notiuneee 6°3 7510 ae 646 vba eet 
75000 | 117700 “4:8 5720 iyieel 157 ear aad 
aia 64200 | 106900 malct be hear 37 4400 eit | 379 we 5780 
er 55200 | 97900 elds 2°9 3460 aw 37 = 1840 
ear 48000 | 90700 Pern 2°4 2860 leon 111 ate 2770 
Wass 42000 | 84700 ars 20 2400 er 687 eens 8180 
F ahate 37400 | 80100 Beebe 1:7 2040 ny 79 abet 2590 
wag 33400 | 76100 Lente! 15 1790 ia thal 19 rai 1290 
pattie 29800 | 72500 poate] Ss 13 1550 yas 134 ae 2860 
ror 27000 | 69700 11 1330 Sey 36 ar 1520 


18750 | 61450 “68 810 7°84 232 
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F. H. Porter states that when using Prof. Lewis’s formula, viz.: f, = 1°37 x 10° and o=2°3, 
1t has been found the actual amplitudes as given by torsiograph for a number of installations are only 
about “4 of that calculated, which is equivalent to increasing the hysteresis energy by 3°29. Accordingly, 
the amplitudes given in column 11 of Table V have been reduced by ‘4 by multiplying the value 
found for the area of the hysteresis curve by 3°29. 

Column 12 gives the vibration stress for the corresponding speeds, the maximum stress which the 
shaft is subjected to being the sum of the vibration stress and the stress due to the mean torque. This 
maximum stress is given in column 13. 

It is interesting to find the vibration stress of the 4th order by making use of the equation for 
hysteresis for the upper part of Rowett’s curve. 

At the 4th order it is known that the vibration stresses will be severe and, as mentioned in the 
section dealing with hysteresis, it was considered by the writer that under these conditions the following 


equation should be used, viz. : “86 +) oot} tee 2 
quation Waar sta oe g33 


Accordingly, the amplitude of vibration has been calculated, using this formula. 

The amended hysteresis curve is shown dotted in Fig. 15. 

The value of the amplitude for the 4th order was, in this manner, found to be 5°04 radians. This figure 
compares remarkably well with the value of 5°12 obtained by using Porter’s empirical factor of 8:29 and, 
incidently, gives a more direct method for calculating amplitudes when heavy vibrating stresses are evident. 

Returning to Table V, it will be observed thatin the working range the vibration stresses are at 
their worst for the 53 order and the 8th order, that is at 360 and 247 R.P.M. 

The 8th order vibration stress, being a major critical speed, cannot be altered by a re-arrangement 
of firing orders, but the 5} order critical speed can, and as this is very near to the full speed and will 
have some effect over a range of speed say between 350 and 370 R.P.M., it is interesting to see how the 
stresses at this speed can be reduced without causing heavier stresses in the region of full speed. In the 
original case the firing order of the cylinders, which, incidently, is one that is commonly adopted, was 
for ahead working 15738426. ‘The altered firing order to reduce the 5} order minor critical is 14768526. 
The vibration stresses for this amended firing order together with those calculated for the original 
firing order are given in Table VI and indicate how smoothness of running for speeds between the 
8th order and the full speed can be attained by re-arrangement of firing order. It will be observed 
that by this re-arrangement of firing order the 43 order critical is increased appreciably but as this is 
above the full working speed it need not be considered. 

The preceding example gives a good idea of how severe the minor criticals can be, and how their 
effect, to some extent, may be altered, and also indicates how high the stresses are in the shaft even 
when running at the reduced speed of 247 R.P.M. 


TaBLe VI. 


aie ge bape es ae: 
rigina men 
Order No. R.P.M. Tiss Order. Firing Orders 
lbs. per sq. inch. Ibs. per sq. inch. 
4 495 34500 84500 
4} 440 5830 10800 
5 396 1730 1730 
5} 360 6910 3740 
6 330 2320 2320 
64 305 4610 2490 
7 283 770 770 
7% 264 1780 8290 
8 247 7250 7250 
8} 233 1710 3160 
9 220 460 460 
9} 208 2070 1120 
10 198 760 760 


12 165 3140 3140 
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The vibration stress at any section of the crankshaft for a given speed can be obtained from the 
normal elastic deflection curve for the natural frequency by altering the scale so that the amplitude at 
the forward end corresponds to the value obtained by calculations which include the harmonic forces and 
damping forces. The most severely stressed section of the shaft is then found by adding to the vibration 
stress the stress due to the mean engine torque plus the bending stress due to the load. 


ELIMINATION OF VIBRATION. 


An endeavour has been made in the paper to show the dangerous effects of torsional oscillations in 
shafts and how the resulting stresses may be calculated. 

It has also been mentioned how the frequency of vibration may be changed in certain cases by 
altering some of the rotating masses in the system, or the length and diameter of the shafting. 

In general, the effects of critical speeds may be eliminated or reduced by one of three methods, 
viz. :—(1) by altering the critical speed by increasing the size of shafting or some part of it, or 
re-arranging the distribution of the rotating masses, (2) by the aid of damping devices, such as the 
Lanchester serie iad which is particularly applicable to small high speed engines, and (8) by a re- 
arrangement of the firing orders so as to eliminate certain orders of vibration. 

Points in connection with methods (1) and (3) have already been dealt with. In regard to (2) it 
would appear that the Lanchester damper has not been used successfully for large engines. 

In the case of two stroke cycle engines there is not so much choice of firing orders as in four stroke 
engines, but a special re-arrangement of cranks may have the desired effect. 

It is frequently stated that placing a flywheel at the node will not alter the vibrations, but the fact 
must not be lost sight of that placing the flywheel in the system alters the frequency and consequently 
changes the amplitudes of all the resulting vibrations. In some cases it has been found that the 
addition of rotating masses has increased instead of eliminated the vibrations, particularly in the case of 
Diesel driven auxiliary machinery, and there is a case on record in which it was found that a Diesel 
driven dynamo ran better without a flywheel than as originally fitted with flywheel. In some cases 
torsional oscillations have been avoided by incorporating the flywheel with the dynamo. 

In conclusion, it is the writer’s opinion that the subject of torsional oscillations has now reached a 
satisfactory state, and it only remains for careful experiments to be carried out in order to ascertain more 
accurately the various damping factors so that actual amplitudes can be calculated and theory brought 
more in to line with experimental results. 

Mention has already been made in the paper to various references, but the writer feels he must state 
a indebtedness chiefly to Professor F. M. Lewis for his excellent investigations of this fascinating 
subject. 


APPENDIX I. 
INFLUENCE OF THE INERTIA OF THE SHAFTING ON THE FREQUENCY OF NATURAL VIBRATION, 


—' 


Consider an element dx in the shaft. Let a be the angle of twist the element has with reference to 
the section at A at any time t. 


Let I, = total mass moment of inertia of the shaft. 
dT = variation of the torque between the ends of the element dx. 


then aT =3 dx as as, | eae (1). 


39 


If OC, be the torsional rigidity of the shaft, then the torque at any point has a value C, — 


, da 
dx’ 
de being the angle that a line on the circumference is deflected at this point from its normal position 
The equation of motion is then given by 


dT ,da I, da 
F imbey That 7: eaten acai (2) 
Now, since a is a periodic function of the time, we have a=a sin qt+bcos qt, in which a and b 
are functions of x. 
2 
: = —aq’sin qt —b q? cos qt= —q’a......seseeeeereee (3). 
Substituting this in (2) we have 


didn. 5 Te 2 
o,fs=—h 


The solution of this equation is given by a=csin px+dcospx where c and d may be taken as 
: I 
functions of t and p’ = — q’. 
Pp oC q 


Suppose now we have two masses of mass moment of inertias I, and I,, connected by a shaft, then 
the equations of moment for each end of the shaft are given by 


i @a, da, ~ nad if da, is = ta 
pier ae 0 forx =0 and a +, 0 forx=1 
that is h q’d — C,pe = 0 and — = gCsinp + deosp)+C, p(C cos p — dsin p)=0. 
fe: 3 bo-cxy) ann LAT GC, pcos p 
_ hth, ce ae Ty on +I a 
tun da / 6: PS A PS 8 AL (6). 
gC, SR Ee —- iO? —A. I, me ne “oh i 
a q'- ZO, q’ g —=q'— 
Solving for I, we have 
ar 
tanga / ZG 
ag ral, AP 
da/ os 
ia ae elsciss oe (7) 
A 
ihe tanay/ 36 


If now I, is small compared with C,, we have from (6) 


(1, +1,)0, 
q J a7 Cots 


" A8 eaee aq Cl, 


gabthth 


il; 
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It will be observed that if I, may be pai we mare from (8) 
I, + I, +1 
d= 2 ei or — “a7 eo 

which is the equation for the frequency of natural aoe of two masses connected by a shaft of 
torsional rigidity ©,. wees 
A may be simplified as follows :-— 
For a straight shaft of diameter d inches and length 1 feet 

I a gio C8 Bee a = a dé G 

ame"eg % Sea x Ae et Bex ee 


For forged steel w = ‘283 lbs. per cubic in. 
G =11'5 x 10° Ibs. per sq. in. 


ee ree See ‘ 
“4g z 0, = 1000 * 09576 = 7p < “6017, where f = 2mq. 


Suppose so = 1, we have °6017 radians = 34° 28°75! and tan 34° 28°75' = °6866. 


mi ae Ta 


q 
g ty 
In general it would appear that provided the product of the frequency of forced vibration per second 
and the length of the shafting in feet is not greater than 1000 the weight of the shaft may be neglected, 
but for higher valves it should in all cases be taken into account as its “effect may be appreciable. 


The expression q 


= eb 


APPENDIX II. 
GENERAL THEORY OF TORSIONAL VIBRATIONS IN THE SHAFTING OF MARINE ENGINES. 


NATURAL AND FORCED VIBRATIONS WITHOUT DAMPING. 


Consider the case of engine weights all concentrated and connected to the propeller by a length of 
shafting L. Let I, be the polar moment of inertia of the shafting, C the torsional rigidity of shaft 


A 


between engine and propeller, where C = Ss 


Let 1, = M.I. of engine masses. T= torque of engine. 
»» 5) propeller mass. T, = opposing torque of propeller. 
The equations for a natural frequency of vibration are given 
d? 6, 
Lac d t? = C(O, ~~~ 6p) —— Ty eee eee eee eee eee (1) 
ad’ 6 
and Ip -y 7 = Ty — O05 = Op) i cvncedecrcccneees (2) 
where @p and 6, are the fave displacements of the shaft at the propeller and engine respectively. 
From (1) and (2) we have a Mig 
ae 1 E = 
a -0(-+ tT a ee (3) 
where @ = 6, = 6, a T . 
2=O(141 6 ee re 
Let : = (- ak i) then (3) becomes Tet q’?o= pot toes (4) 
(a) To =T, 
If T, a .. are both zero we have natural vibration and the solution of (4) is given by 
O= M sin (O:b. =F @) <i sess deve shone (5) 


where M and ¢ are arbitrary constants. 
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The frequency of this natural vibration is given by 


test=gra/omte Vite oe (6). 
(b) Tz and Tp constant. 


In this case the solution of (4) is a by 


0=5 (f+ [:) + Msin dee gy anise) (7). 


If the mean motion is — Tz -— he z and (7) becomes 


=? ¥ + M sin (qt + $) 


the frequency of vibration will be the same as for the natural vibration of the system and is given by 
equation (6). T, and T, only affect the mean angle between the engine and propeller which remains 
constant. 


(c) Ty, and Ty, variable. 

In any reciprocating engine T, and Tp are not constant and can usually be represented by a 
Fourier series involving a series of harmonics, the fundamental frequency being the number of 
impulses per second. 

Let n = number of cylinders, R = R.P.M., then the frequencies of impulse for internal combustion 
engines is given by 


oe See 
48084 Y= 55 
28.08A and 480.DA 4/ =" oe 
n a 
280DA Y =% 
In general, the torque variation may be represented by a se series, thus 
T + A, sin qt + A, sin 2qt + A; sin 3 qt +.......secceeeeee 
B, cos gt + B, cos 2.qt + Bs cos 3 qt + ..ssseseecseseeere 


that is T + £"~* (A, sin nqt + B, cos nqt) 
where T, A, B, are constants at any given speed. 
In this case equation (4) may be written— 
a’6 <a (= Tr) = n=O 
oT +q?a= a + 3 + Nz(A,sinnkt + B, cos nkt) statins. dete sees O)s 
The solution of this equation is— 
on (2+ 7) +5 = = aap ts sin nkt + B, cos nkt) + M sin (qt + $)....eeeeeeeereeeee (9). 
q ie I, C= k 
The natural frequency will be the same as before, but there will be imposed upon the system a 
forced vibration represented by the series— 
xr * A. sinnkt + B, cos nkt 


= =r a ERR (10). 
Taking the simple case of n = 1, (10) may be written— 
Asinkt + Bcoskt _ sin(kt + wp) 
q? —k y™ q’ —k 
where tan p = 4 in which case, for (9) we have— 
eat T+E)+ TD + Main at + 4) seria (11). 
q \i, k 
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It will be noted from (10) that if q?=n’k’ then the value of @ given by (9) will involve an 
harmonic of infinite amplitude. 


Now q’ = n’k’ may be written gt = = and therefore the amplitude of vibration will be infinite 
wv wv 


when the natural frequency of vibration of the system is an exact multiple of the frequency of the 
impulses due to firing. 


The frequency of the forced vibrations under these conditions is called the critical frequency. 
If, now, in equations (8) and (11) we neglect the constant or mean torque and consider only the 


variable torque, the amplitude due to the forced vibration is from equation (11) given by >-—>3- 
Also from (8) if we consider the motion so slow that acceleration may be neglected, that is, consider 
only the static or rigid condition, the static deflection 6 is given by ~ 


The ratio of the amplitude of forced vibration to static deflection is termed the resonance factor and 
is given by 
aera 
k? 
1— 
q? 


By i= 


and putting 7, = = = period of forced vibration 


and t= : = period of natural vibration 


1 


then Ry = “ie P ssssesasenntseeees(118), 
a 


NaTURAL VIBRATION WITH DAMPING. 


Consider now the system of engine and propeller in natural vibration, and suppose a damping force 
to be acting on the system, and that this damping force varies as the difference of velocity of the 


rotating masses at any instant, that is, suppose the damping force to be given by — p = where p is a 


constant and ae the velocity at any instant, the negative sign indicating that the damping force is in 
the direction opposed to motion. The equations of motion now become 


d? 6 
Tp yur =O (Ox — Op)ereeseseresenenens (12). 
a? 6. d (0, — @ 
1 SOW 8) peg pe deadaeeaake (18). 
76 1 1 p dé 
1. Fp = 0 (; +7) 8 Tpdt sree (14). 


where 6 = 6, — 6 


tre 2 =? 
Let q =O(F + i.) and 2n = a 
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then (14) may be written— 


ao | ned 
ee ad (15). 
The solution of this equation is given by— 
Oe (Xsin gt + Y cos qt) =e {Pain (qit + y)}escesecsesseeseens (16) 


where q,’ = q’ — n’. 


This assumes that the quantity n, depending on the damping, is smaller than q, so that ./q’ — n’ 
is real. In general practice uses of excessive damping seldom arise, so that cases of n equal to or 
greater than q need not be considered. 

The period of the vibrating system is given by— 


2 ™*— pac oo A eeceeeeeeeesesece (17). 

qh J q’ aire mn? 

If n be small compared with q, it will be observed that a small damping force proportional to the 
velocity makes very little difference in the period of vibration. 


ForceD VIBRATION WITH DAMPING. 


We will now consider the case of forced vibration with damping, and in this particular case it will 
be assumed that a periodic force, T sin mt, is acting at the engine superimposed on the mean engine 
torque, and that T,, the propeller torque, is equal to T,,, the mean torque of the engine. Equations of 
motions are given by— 


E a ily * Map en ieee nse (18). 
IL, a (T,, + Tsin mt) — C6, — 6) ae Fiare RE ON 
eek, pee a 1 x p dé 
ee w= ~O(, +7) + T(E tz) +z sinm-PS eee eeeeeeeeeeeeeee (20). 
where = 6; — 6, 
ee ee ee ne = A 
Putting q? = C Gr, + i) ;2n1 = [,} and Q = a 
? 2 
we have ot + ane + q’= 4 Tort) KIN MGssvevstesvererstes (21). 


The solution of this equation will be found by adding to the solution of equation (15) a particular 
solution of (21). Suppose we neglect the effect of the mean torque and only consider the periodic force, 
then (21) becomes 


2 
oy + ane + 70 = Q SIN Mteee.eeceeceeceeeee (22). 
and the particular solution will be of the form 
6 = BR Bin (Mbt — 7) ccrceeeeeeeee sovee(23)o 
where R= -@= my + atm! 
and tan 7 = ey 


The general solution of (22) is thus given by 
6=e-™ {P sin (qt + €)} + R sin (mt — y).......... rrr (24). 


Ad 


It may be mentioned that if instead of a disturbing force T sin mt, a periodic force represented by a 
Fourier series is acting, as is generally the case, the resultant forced vibration will be obtained by 
adding together the forced vibrations produced by every term of the series. 

The amplitude of the forced vibration is given by— 


Q 


R= Jamra 


This may be written— 
; 


Now the period of the natural vibration of the a is given by += dot 


q 
and the period of the forced vibration or disturbing force is given by 1, = 22 


Substituting + and 7, in (25) the amplitude of the forced vibration is given by— 
2 


IRERITY. JAH (26). 


(a +35, 


where x = ens a factor depending on the magnitude of the damping forces. Returning to 
equation (27), and considering the motion to be very small, we have— 
mA sin mt 
q? 
and the amplitude or static deflection due to the torque variation, as shown by the crank effort 
diagram, is q = 
The amplitude of the forced vibration is thus given by— 
AX 


iad ‘the fachor Wy, mic ——-erguteonecbPacpuinenmer's-YPonssdasns tts (27). 


gives the amount the static deflection or torque is increased due to the damped forced vibration. 
1 


Without damping this factor reduces to 1 ? which is, of course, the same as found in the section 
ony 
on undamped forced vibration. 


The effect of the variation of Ry with the variation of the ratio 9G, ) and of the damping factor x is 
illustrated in Fig. 17, where Ry is shown plotted against the ratio = * for different values of x. 
It will be observed from Be. 17 that the damping has its greateat effect on the forced vibration 


within the region given by = = 75 to 1:25, where the amplitude of forced vibration is considerably 
1 
reduced. 
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Outside this range the amplitude of vibration is very little affected by small variations in the 
damping. It will also be noticed that the points of maximum amplitude for various damping factors 
are § ightly less than unity but approach this value as the damping is decreased. 


For all practical purposes the maximum amplitude may be taken at unity when the damping is 
small as is generally the case in marine engine shafting. 


= BZ 


“5 +o PS 2:0 vs. 
Values oF 


Fie. 17. 
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APPENDIX III. 
METHOD oF CaLCULATING THE NaTURAL FREQUENCY OF VIBRATION BY PoLaR DIAGRAM. 


The method to be outlined here has been devised by Prof. F. M. Lewis, and is fully described in his 

ron “ Torsional Vibration in Diesel Engines” and other papers. 

The shafting is divided into “steps” over which it is assumed that both mass and elasticity are 
distributed evenly. Concentrated masses may also be easily dealt with so that calculations may be made 
for any shafting arrangement. 

In the case of the crankshaft the moment of inertia of all the rotating masses is assumed to be 
distributed evenly over the whole length of the shaft. The solution for any shafting arrangement is 
performed by trial and error by starting at one point where the torque is zero and the amplitude unity 
and working through to the other end, the correct value of N, the frequency, being such that there is no 
iil at the otherend. The diagram so obtained is called the polar diagram, and any ee in the line of 
shafting can be represented by a point in this diagram whose abscesse is equal to the amplitude of vibration 
at that point, and whose ordinate is equal to a constant times the vibration torque at the same point. 

poe Fig. 18 represents the shafting arrangement which consists of rotating crank masses, 
flywheel and propeller connected by their various shafts, 


i J. Ji 
————— 


“a6 


Fia. 18. a ay 28 


J, and J, are the stiffness moments of inertia of the crank and propeller shafts respectively, C, and 
C, being their torsional rigidity. J,, J, and J; are the rotating masses. 
The polar diagram is obtained in the following manner (see Fig. 19) :— 


: Q 
R 
+ 
Strtel 
,N 
P 
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Starting at the origin O we draw a line OS of any suitable length to represent the amplitude at the 
forward end of the shaft. Angle SOT is then drawn, being equal to ¢N, where N is the required 


frequency, and ¢ = a J, being the total moment of inertia of the whole of the rotating masses 


of the crankshaft, and C, the torsional rigidity of the crankshaft. T'S represents the first step of the 
shafting arrangement. 

Then since OS represents the amplitude at the beginning of the shaft, O P represents the amplitude 
at the end of the crank shaft, and the amplitude at any point in the length of the crankshaft is obtained 
by dividing the are T'S in the proportion of the distance of the point from the forward end of the shaft 
to the total length of crankshaft, and measuring the length of the abscissa at that point. 

By dividing T'S into 8 parts the amplitude at each crank can be quickly found. 

If y be the ordinate at any point in the are TS the torque at the corresponding point in the shaft 
is given by 


M = 22N me ORV lss dupneak one ites (1). 
TS represents the first step, and since the amplitude at the end of one step must equal the amplitude 


at the beginning of the next step, the initial point of the next step must lie on PT. Also since the 
torques at the end of one step and the beginning of the next step must be equal, we have 


aN, / nt: Pra 2en , / 2% PQ 
g g 
PQ Od, 


C.J, (2). 


Seem eee ee eeeeenee 


ee pT os CG, fe Ya 
and the initial point of the next step can be found. 
For the concentrated mass of moment of inertia J, located between the two steps, or the mass J, at 
the end of the system, the ordinate at the beginning of the next step is given by 
Ook 2r J, ON 
= YJ, ee eo STEELE TTT 3). 
ee CJ, Vg VIDO, @) 
In the figure 18 the concentrated mass J, is between two steps and for this case J, is zero. The 
concentrated mass is therefore represented by a vertical line of length 


Cte (4). 


6 is the amplitude of the point T, that is OP. Referring to Fig. 18, we know all the constants in 
(4), and @ is given by OP, hence QT can be calculated. The next step is the propelling shafting, which 


b 


is represented by the arc RQ, the angle QOR being given by gN = are 
For the torque to be zero at the end of the system, the ordinate of the point R, given by RY, 

Qa 36 
must equal — ee whe 
The procedure to be adopted therefore is as follows :—Divide the shafting arrangement into uniform 
steps and concentrated masses, representing as nearly as possible the original arrangements. Calculate 
C, Jy 


where @ in this case is given by ~ RW. 


for each step $ and / CJ, and then the step ratios ss 


For concentrated masses the constants in (4) are evaluated. Then, assume a value for N and an 
initial deflection OS, Fig. 19, the angle SOT=9,N is drawn to represent the first step, the ordinate PT 
multiplied by the step ratio to obtain the initial point of second step, and soon. The vertical lines 
representing concentrated masses are laid off as we arrive at them, and the diagram can be completed 
from one end of shaft to the other. 

When the polar diagram covers 180°, the value of N is the 1 noded natural frequency ; 360° for 
2 noded frequency, and so on. Once the diagram is closed the relative amplitudes can be obtained 
directly, and the moment at any point may be found by means of equation (1). 
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DISCUSSION ON Mr. S. F. DOREY’S PAPER 


ON 


“TORSIONAL OSCILLATIONS IN MARINE 
ENGINE SHAFTING.” 


Mr. A. CAMPBELL. 


Mr. Dorey has to be congratulated on his excellent contribution to the transactions of the Association 
by his paper on “ Torsional Oscillations in Marine Engine Shafting.” He has gone very thoroughly into 
all the calculations relating to problems connected with vibration, and must have devoted a good deal of 
time to the study of this subject, particularly the work by Professor Lewis. 


I have very little more than a passing acquaintance with the subject. I have tried to digest the 
contents of the book on “ Vibration Problems,” by 8. Timoshenko, which resulted in a few spasms 
of indigestion, however, I realise that our modern engineering practice demands a knowledge of the 
unbalanced forces which cause the torsional oscillations. 


I find that most of the drawing offices in this district, where the subject has received much thought, 
prefer to work on the graphical method, the position of the nodes being easily determined, and one can 
visualise the alteration in the position of the nodes by any alteration of weights or by changing the 
sequence of the firing in a Diesel engine. The graph is a quick method of arriving at the result, and 
is sufficiently accurate for all practical purposes. 


Mr. H. SuTHeErst. 


Mr. Dorey deserves our thanks for his masterly though somewhat complicated paper, and if some of 
us, myself included, are led away out of our depths, yet the fact remains that his is a subject with 
which all marine engineers are, whether we like it or not, brought into contact. I should like to ask 
what is the reletion between ‘“ vibrating” and “ whirling ”’—when a shaft vibrates and then forms itself 
into a “ bow,” does it, granted constant speed, still continue to vibrate, or does it just whirl with a node 
say at each bearing, until speed changes. Also, do all horizontal shafts vibrate, while vertical ones 
do not, assuming both are similarly balanced. I have particularly noticed that in connection with 
the testing of electrically driven centrifugal pumps, the vertical type appears to run without noticeable 
vibration at all speeds, and stands on the shop floor without holding down bolts, whereas the horizontal 
type vibrates obviously, and has to be bolted down. Is this because the horizontal shaft sags, 7.e., 
the fibres on the lower side of the neutral axis are in tension, with those on the top in compression, which 
would of course have to be reversed as the shaft revolves, and, if this is so, would it assist matters if the 
shaft diameter were increased locally in way of the greatest vibration, and, if weight is a consideration, 
would the danger due to vibration or whirling be lessened if the bearings were made spherical ? 


Referring to the paragraph on ‘“ Elimination of Vibration,” I remember a ship where the turbine 
driven dynamo was causing anxiety due to excessive vibration. The rivets holding the usual angles and 
box bed together were all carefully examined and found sound and tight, so the whole was sealed together 
by acetylene welding, after which the vibration was found to be very noticeably lessened. This suggests 
that a similar stiffening up of the main and auxiliary engine seatings and the structure in way, might 
result in removing one of the causes of vibration, and i should be glad to have the author’s opinion on this, 
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Mr. J. Harsorrue. 


Mr. Dorey’s Paper is an excellent contribution to the literature dealing with the investigation of 
torsional oscillation phenomena, and presents a truly comprehensive analysis of the subject. It is natural 
that a great deal of the text should be concerned with the shaft system of internal combustion engines, 
since the impulsive nature of the driving forces characteristic of this type of prime mover renders it 
(unfortunately) unusually susceptible to the action of resonant vibrations unless due precautions are 
taken in the design to avoid critical speeds. First degree or one-noded vibrations are comparatively easy 
to handle in calculations, and are also easily discernable in practice. It is the higher degree vibrations 
which are troublesome to calculate and difficult to observe on the test-bed or in the ship, a matter which 
makes them all the more important, since failure to detect a higher order vibration might have serious 
consequences. The paper deals very thoroughly with this important matter. 

The following notes are concerned mainly with the opposed piston type of engine, a type which does 
not receive special mention in the paper, and for that reason it is thought that the remarks might prove 
interesting. 

PROPELLEE. W. EIGHTS.—The following weights are from actual practice, and are based upon a 
series of four bladed screws, ranging from 10 feet to 18 feet in diameter. These propellers have bosses 
of streamline form, which are somewhat heavier than bosses of non-streamline form. 


WEIGHT IN Tons. 
(P>9 SHON Gatlin 40 thoes weight Ss 
DIAMETER IN FEET, 
gold Beoase.. | lid Out ron, cr Bron 
10 24 38 
11 3 33 
12 3h 4} 
13 4} 5} 
14 5 6 
15 6 
16 7 
17 8 94 
18 9 10} | 
19 10 12 | 
20 114 133 


The value of the radius of gyration for this range of propellers, calculated by the “ Equivalent 
Disc ” method, is :— 


K = 0:44 x R for solid bronze type. 
K = 0°41 x R for solid cast iron type, or built type (bronze blades, C.I. boss). 
R = radius of propeller. 


CRANKSHAFT STIFFNESS.—The following Table gives the results quoted in the paper with the 
addition of a comparative test made between the built forged steel crankshaft for a four cylinder opposed 
piston engine, and the crankshaft of a triple expansion standard type steam engine of equal power. 


so Crankshaft GJs Le 
CASE. Dia ates! ry Tat REMARKS, 
Solid Forged, Hollow, lat 9458 ins. 094 1:065 Free condition. 
Chrome Vanadium Steel, 1 at 11°222 ins. O°985 1-015 0007 ins. vert. clear. 
48 O.SA, 6 Cylinders. 1:025 0:975 0002 ins. vert. clear. 
Py Solid Forged, Hollow, 12°437 ins. 0°927 1-075 0°012 ins. to 07050 ins, 
& | Chrome Vanadium Steel, clearance. 
¢ | 48.C.8A, 10 Cylinders, 
Zo eile 
2 | Semi-Built, Cast Steel 14 ins. 11133 0°883 Free condition. 
= | Webs and Pins, 
© | 48.C.SA, 6 Cylinders. 
Semi-Built, Forged Steel, 19 in. Jrls. 1:25 0°800 Keeps removed. 
28.0.SA, 6 Cylinders. 193 in. Pins 
Opposed Piston, Semi-Built, 17 in. Jrlis. 1:23 0°810 Mean Torque 
Forged Steel, 18 in. Pins L15 0°865 Max. Torque. 
28.C.8A, 4 Cylinders. (Keeps removed, 
spherical bearings). 
Steam Engine, Semi-Built, 144 ins. 1-045 0°955 Mean Torque 
Forged Steel, Double-Acting, 1:025 0:975 Max. Torque. 
3 Cylinders. (Keeps Removed). 


GJs = GJs of a uniform shaft having the same deflection over the same length as the actual 


crankshaft. 
gjs = Actual GJs of the journal section of the actual crankshaft. 
Le = Equivalent length of a uniform shaft of diameter equal to the diameter of the crankshaft 


journal, and having the same deflection as the actual crankshaft. 
La = Actual total length of crankshaft. 


The tests on the opposed piston, and steam engine shafts were carried out with the shafts resting in 
their bedplates, with one end restrained by a lever pressing against the ground. The torque was applied 
at the other end by means of weights suspended from a similar lever bolted to the end coupling of the 
shafts. The majority of the main bearing keeps were removed, and the remainder were not hardened 
down, except those adjacent to the levers, which were required to take the reactions. 

Two values of the torque were applied, one corresponding to the maximum torque, and one 
corresponding to the mean torque as calculated from the turning moment diagrams for full power. 

The tabulated results show that the stiffness decreases with the applied torque under static conditions, 
and that the opposed piston shaft is stiffer than the majority of the other shafts quoted in the table, 
even taking into account the effect of reduced clearances. The steam engine shaft is 10 to 15 per cent. 
less stiff than the opposed piston shaft under equivalent conditions. 

The deflection curves for the respective shafts, showed that in the case of the opposed piston engine, 
the deflection was equally distributed over the whole length of the shaft, whereas in the case of the steam 
engine shaft there was practically no deflection over the lengths occupied by the crankwebs and pins, the 
strain being almost entirely confined to the journal sections of the shaft. 
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METHOD OF CaLcULATING CRITICAL SPEEDS FoR OpposeD Piston Suarr Systems.—From a large 
number of calculations it has been found that the first degree or one node critical as calculated by two 
mass, three mass, or summation methods, does not appreciably differ, whereas in calculating the second 
degree or two node critical it has been found in certain cases that the result obtained by the simple three 
mass method differs seriously from the result obtained by the summation method. In some cases the 
second degree critical calculated by the three mass method was actually greater than the third degree 
critical calculated from the same data by the summation method. The three mass method has therefore 
been discarded, and the following procedure adopted. 

A preliminary calculation of the first degree critical is made by the simple two mass method, and 
this is used as a starting point for the summation method, 7.¢., it enables the arithmatic of the summation 
method as applied to the first degree critical to be checked. The second and higher degree criticals are 
then calculated by the summation method. In most cases the first, second and third degree criticals 
are calculated, and an endeavour is made to avoid all three by altering the diameter of the intermediate 
shafting. In some cases it has been found desirable to alter the flywheel weight to keep clear of all 
three critical speeds. I thank Mr. Dorey for his excellent paper. 


Mr. C. W. REeEp. 


This is a unique paper and is a monument to the ability and perseverance of the author. The 
subject is one that has in recent years become more and more important, and on which there was a 
serious shortage of really practical investigation. 

It is evident that the author has been thoroughly saturated with the subject matter for so long 
that he has become almost “superheated.” Most of us, however, will find it difficult to absorb and 
digest the contents of this paper without giving considerable time to it, and even then will look at it 
from the point of view of something to take the place of a lot of wearisome and abstract thinking, and 
to provide us with practical methods and formule for every day work. It is fortunate that men of 
the calibre of the author exist who apparently revel in making mathematics into living things. 

The subject has been looked into from so many points of view and dealt with so fully that there is 
really little of a controversial nature. 

One little slip or printer’s error is noted on page 25, where the “5340” in the divisor of the first 
formula should be omitted, the formula then reading :— 


16 x 33000 x 12 BHP 
5340 = om re X RPM (etc.) 

The next line, however, is correct. 

The figure given on page 5 for entrained water, viz., 25-30 per cent. agrees with that given by 
Dr. Bauer, as also does the addition of half the reciprocating weights to rotating masses. 

In my previous calculations I have taken the radius of gyration for built propellers as ‘39 R and 
399 R for solid ones, which is only slightly lower than that given by Mr. Dorey. 

The author allows for the damping action of the propeller (page 25 and onwards), but would not the. 
propeller also produce forced vibrations in the system? As mentioned in my article in ‘“ Marine 
Engineer” in 1923, supported by Dr. Schlick and Dr. Gumbel (Inst. N.A. 1911 and 1912), the propeller 
blade experiences its greatest resistance when in the upper vertical position, thus producing one 
fluctuation or vibration per blade per revolution. Synchronisation would thus occur when these forced 
vibrations equal the natural frequency of the system. 

The worked out examples showing practical application of the formule are very valuable giving 
clarity and finality, but a summary of the Me r would have been most helpful, preferably showing 
complete working of a particular example or ship. 


Mr. P. T. Brown. 


This paper represents considerable work on the author’s part, and reveals his great interest in this 
subject which has come into prominence in recent years with the advent of geared turbines and multiple 
cylinder oil engines. The published work, up till the present, has principally been that of mathemati- 
cians dealing with specific cases and a compilation of a readable presentation of the theory was requisite. 
Such appears to have been the author’s aim, and we are fortunate in adding this paper to our 
transactions. 
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‘The mathematics of this paper offer little room for criticism, and the author is to be congratulated 
on dodging differential equations and on his method of tabulation. 


The choice of symbols might have been improved. I found the capital “I,” the letter “1” and the 
figure “1” so much alike as to be confusing. 


The author makes an important point when he states that the mathematical treatment of this 
subject is in advance of the experimental. It is a reversal of the order of things. I hope, however, 
that in course of his reply the author may amplify his concluding section on the elimination of vibration. 


An important point in regard to forced vibrations is their variation with weather and load conditions, 
particularly the latter, and it would be interesting to know whether Diesel engine shafting has been more 
prone to damage on light voyages than reciprocating shafting. It is appreciated that there may not be 
much information available, as Diesel engines are mainly fitted to tankers and vessels on fixed lines 
which do not have so much running with propeller half immersed as does the tramp steamer. 


It is stated that the effect of reciprocating masses on torsional oscillations is diflicult to ascertain, 
and I would like to ask whether it is considered that the effect is sufficiently small as to make it 
unnecessary to balance them, which, presumably, would entirely negative their effect. 


The information on crank shaft stiffness with varying bearing clearance is interesting, and I would 
like to ask whether any information is available as to the relative stiffness of built and solid shafts. 


I take it that the amended firing order given on page 87 should read 14738526. 


The Lanchester Damper would be much too heavy a device for marine purposes, and I think the 
author must leave it out of consideration. Has the author any information in regard to the effect of 
length and position of bearings in relation to damping? Would there be any advantage in a long 
bearing at the node ? 


In thanking the author for this paper I would also congratulate him on his clear exposition 
of the subject. 


REPLY BY THE AUTHOR. 


This type of paper does not lend itself to much discussion, and therefore it was pleasing to receive 
contributions from some of out outport members and also the remarks made at the discussion in 
the London Office. 


The paper was written with the idea of indicating the methods of attacking a problem which has, 
to acertain extent, been unnecessarily veiled by an atmosphere of un-intelligibility, and it is hoped that 
the method of presentment has, in a small way, helped to clear this atmosphere. 


It is interesting to note from Mr. Campbell’s remarks that in his district the graphical method of 
solution is preferred, whereas in Mr. Harbottle’s district the tabular method is the vogue. Each method 
his its use depending on the idiosyncrasies of the individual. At any rate it is always useful to have 
another method to check results, a necessity very evident in calculations of this nature. 


Mr. Sutherst desires to know the relation between “ whirling” and “ vibration.” In the first 
place there is no connection between torsional vibration and “ whirling.” Torsional vibration is due to 
variations of torque, “ whirling” being due to unbalanced forces. There is, however, a connection 
between “whirling” and lateral vibration. At constant speed, equal to critical speed of whirl, a 
horizontal shaft will continue to vibrate with a node at each bearing if the speed coincides with the 
fundamental frequency or single-noded lateral vibration. That is to say, the whirling speed of a 
horizontal shaft in revolutions per minute coincides with the natural or fundamental period of lateral 
vibration of the shaft expressed in vibrations per minute. If the speed is increased to a much higher 
speed another whirling speed wi!l occur, at which the shaft will whirl in the form of a double bow with a 
node at the centre between bearings. The same distribution and intensity of stress will occur in the 
shaft at its whirling speed as takes place if the shaft does not rotate but vibrates laterally with the same 
number of nodes. Vertical and horizontal shafts similarly balanced will whirl at the same speed, but if 
a vertical shaft is perfectly balanced it will not whirl. In the case of a horizontal shaft the weight of 
the shaft cannot be balanced. Hence with due care the vertical driven centrifugal pump will run at all 
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speeds without noticeable vibration. Altering the diameter of shaft locally would assist matters, since 
the period of vibration would be altered and intensity of stress for original speed would be changed 
correspondingly. The fitting of spherical bearings in lieu of long bearings, which fix the direction at 
each end, will alter considerably the whirling speed, the amount depending upon the restraint offered by 
the long bearings. The frequency with short swivel bearings will be about one-half that with long fixed 
bearings. 

Mr. Sutherst’s example of elimination of vibration due to ensuring greater rigidity of connection 
between turbine-driven dynamo and hull structure is worthy of particular notice, and the method 
mentioned is now being adopted in many cases of this kind. The excessive vibration set up was probably 
due to the frequency of vibration of the turbine set coinciding with the frequency of transverse vibration 
of the box bed about the hull structure. By rigidly connecting the engine seatings and structure in way 
the frequency of vibration of the whole system would be altered, and, for the same speed of turbine, 
vibration consequently reduced. 


I have to thank Mr. Harbottle for his excellent contribution to the discussion, and the useful 
information contained therein, particularly in regard to the opposed piston oil engine. Some of the 
information given in his table of crankshaft stiffness was available at the time of writing the paper, but 
it was considered that the paper was quite long enough. 


I am glad to note that Mr. Reed has drawn my attention to the slip on page 25, which has, however, 
corrected itself in the next line. This was not a printer’s error but a slip of my own; in fact, but for 
the printer’s assistance there might have been a number of other small errors. Reference has been made 
in the paper to forced vibrations set up by the propeller as well as the damping action. The writer 
quite agrees that torque vibration due to the propeller might coincide with the engine vibrations, but the 
position of the blades can be adjusted to prevent this synchronisation. With reference to Mr. Reed’s 
request for a complete example of a particular ship, it will, no doubt, be agreed that the paper contains 
enough examples to enable anyone to apply the results to a particular case, a useful and instructive 
occupation for the contributor. 


Mr. Brown refers to the variation of forced vibrations with weather and load conditions. The effect 
depends, of course, upon the propeller, and the forced vibrations set np by it due to varying torque. In 
the absence of much information and full particulars of machinery it is difficult to give a decided opinion 
as to whether Diesel engine shafting has been more prone to damage on light voyages than steam engine 
shafting (not reciprocating shafting!) Undoubtedly vessels fitted with Diesel engines and machinery 
aft are more prone to torsional vibrations than is the case with steam engines, and the liability to damage 
in the light load condition will depend upon the size of shafting fitted, that is, whether the diameter of 
shafting has been determined with a view to avoiding torsional oscillations or not. Brief mention has 
been made on page 5 of the paper of the effect of reciprocating masses on torsional oscillations. Due to 
the impossibility of completely balancing reciprocating masses by means of revolving masses, the effect of 
the former cannot be neglected, but may be considerably reduced, thus lessening the range of vibration 
and decreasing the divergence between actual and calculated results. With regard to crankshaft stiffness 
the information given in Mr. Harbottle’s contribution shows the relative stiffness of built and solid 
shafts. Note should be made of the amended firing order given on page 87, the correct order being 
given in Fig. 15. 

The length and position of bearings does not affect the damping to any appreciable extent and may 
be neglected, since the variation of frictional resistance for small variations of speed will be negligible. 
No advantage or alteration to the problem would be gained by fitting a long bearing at the node since 
the vibration is torsional and not lateral. 


Attention might be drawn to an arithmetical error in the example given on page 25 of the paper 
which, though known to the writer, has escaped general notice. 
yma Y 
It will be found in the value of Ne, the factor ty being Wari instead of at 


THE JOINT ACTION OF FATIGUE AND CORROSION. 


By A. URWIN. 


Reap 11TH DEcemMBER, 1929. 


FoREWORD. 


As the scope of this paper cannot be expressed adequately by a short title, the following more 
explanatory notes are given. 

It is considered that the joint action of fatigue and corrosion is a destructive combination of some 
importance and is the cause of many local failures in shipwork. The main purpose of the paper is to 
focus attention on this somewhat new aspect of such failures, as, except for brief comments, insufficient 
consideration appears to have been given to it. It is noticeable, however, that these references are now 
becoming more frequent. 

The types of fractures which appear to support this point of view are cited, and it is thought they 
occur sufficiently often to justify attention being drawn to them. 

While acknowledging that experiments and laboratory work are of excellent service, it is proposed 
to dwell only briefly with information from such sources. Careful observation of actual defects 
developed by service conditions seems to supply enough evidence to make an almost practical study of 
the subject a really effective one. 

The effect of repeated stresses and the action of corrosion have so often been separated for study 
that this separation has no doubt somewhat obscured our real problem, which is, after all, “‘ Under what 
conditions is failure likely to occur? ” 

The practical considerations which arise, such as repairs, possible prevention, importance and other 
phases that are of interest or relative, are commented upon. 

Many of the arguments and cases are undoubtedly controversial and, in consequence, there exists a 
need for their discussion and for the ventilation of opinion and experiences. 


PART I. 
COMMENTS ON EXPERIMENTS AND RESEARCH WoRK, 


As distinctly separate subjects, fatigue and corrosion of metals have each received a good deal of 
attention. The behaviour of steel under repeated stresses is in itself a large subject, and the experiments 
and findings of the various investigators have received wide publicity. The early research work of 
Fairbairn, Wohler and Bauchinger, and the later experiments of Bairstow, Ewing, Haigh, Lea and many 
others have enabled us to understand something of the principles of what might be called pure fatigue 
action, as a producer of failure in steel. 

The wastage of metals by corrosion has likewise received much attention and produced a large 
amount of information of practical importance. The external conditions which are conducive to 
corrosion, and the inherent capability of a materials to withstand wastage according to their chemical 
composition, and the mechanical treatment they have received, etc., is also being made clearer as time 
progresses. 
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Whilst all cases of corrosion cannot be satisfactorily explained by any one theory, and expert opinion 
is still divided, this need not trouble us greatly. That such a division of opinion exists it is perhaps of 
interest to point out that while the electrolytic theory seems undeniable to many minds, we have no less 
an authority than Dr. W. H. Hatfield saying “‘ that many of the corrosion resisting alloys were heterogeneous 
and, together with the conditions under which corrosion was effective, plainly presented a full set of 
conditions which made it difficult to accept the electrolytic theory of corrosion as being tenable.” 


Dr. Hatfield also finds support for this view by the work presented by Dr. G. D. Bengough and Mr. 
J. M. Stuart in their Sixth Report to the Corrosion Research Committee of the Institute of Metals. In 
this paper, which was devoted to throw light on the electrolytic theory, “they came to the conclusion 
that only by considering the important part played by colloids can any real working theory of corrosion 
be devised.” 


As a working hypothesis, however, the electrolytic theory appears to offer the simplest means of 
studying corrosion of steel as found in ships, and provides a satisfactory explanation of most cases 
that occur. 


The history of the two subjects, with which we are now concerned, and the progress made in each 
of them has been sufficiently dealt with in previous papers, and it is not care to burden the present 

aper by again going over this ground. The outstanding facts and our present state of knowledge can 
fe gleaned very conveniently from the paper given on repeated stresses by Professor F. OC. Lea, D.Sc., 
to this Association in 1927, and from the paper on corrosion by our colleague, Dr. A. Pickworth, 
in 1928. 


Other papers that have been read to us, and the discussion they have provoked, also provide a ready 
source of much useful information. 


Broadly speaking, it may be said that we owe much of our knowledge of these subjects to research 
work carried out in the laboratory, and that the main object of all this work has been to study the 
various phases of the subjects in their simplest aspects. To attain this object, test pieces and specimens 
of simple form have been used to ascertain the effects of fatigue action. The stresses applied have been 
made to vary in some simple cyclical manner. The methods of gripping the test pieces have been 
limited, and as far as possible all complications such as vibration and impact have been avoided so as 
not to obscure simple relationships. 


Small scale experiments under simple conditions have also largely been used in the study of 
corrosion for similar reasons. 


Much of the information so derived is of direct practical value in its application. For many pieces 
of mechanism repeated stress data can be applied without many misgivings. Research work on corrosion, 
by indicating broad principles, has likewise guided practice in many ways and fully justified this source 
of knowledge. Of laboratory investigators it may be truthfully said that they have done splendid 
service by their experiments, 


Granting all this, it still remains that much of the information from this source is very limited in 
its application to ships. For the complicated structures of sea-going vessels and the complex conditions 
associated with sea service, experimental work can only give a rough guidance. On the other hand, 
careful observation of actual cases of defects appears still to offer the best means on which we shall have 
to mainly rely for progress in structural design. 


The presence of corrosion must necessarily cancel or modify many of the quantitative results from 
research work on fatigue in their application to ship work. The question of recovery by rest requires to 
be reconsidered. While there appears little evidence that such recovery does take place, it is obvious 
that corrosion will prevent any recovery of the surface material. The rates of repetition of the stresses 
while not influencing laboratory results must be regarded differently under service conditions ening to 
the time effect of corrosion. The diminution of area caused by corrosion must also considerably reduce 
the number of repetitions causing failures. The presence of corrosion, it is thought, should always be 
borne in mind when using data from research work. 


These views would appear to supply the reason for local failures which sometimes occur in 
comparatively new ships. 


° 
vo 


PART II. 
THE MATERIAL AND THE CONDITIONS. 


Before quoting actual examples, the following observations and evidence are given to support the 
view that the properties of steel, and the service conditions of ships, are such that they readily permit 
fatigue and corrosion to combine and accelerate local destruction. 

That permanently strained mild steel is very liable to corrosion is generally admitted. One need 
only observe how plates that have been flanged, and bars that have been joggled, show a distinct rusting 
in way of the parts operated upon even after a period of only a day or so. The local disturbance caused 
by amigo and shearing is similarly indicated by early rusting. This disturbance is apparently only 
surface deep, but condition of surface is, of course, of importance where corrosion is concerned. In the 
case of bilge brackets which are flanged upon their upper edge, and in the floors of vessels built when 
flanging was in vogue, it is common to find that the parts in way of the flanging are the first to be wasted 
through in service. 

From actual observations of the cases to be cited, it would appear that material which has suffered 
fatigue action is similarly liable to rapid corrosion. 

The difference of the crystal disturbances between permanently strained material and that which has 
been affected by fatigue action would appear to be small. AJ] metals are masses of crystals, and, when 
subjected to either steady or repeated stresses beyond a certain magnitude slip bands are developed. 
After their formation millions of repetitions of stress have been applied to steel test pieces, under 
laboratory conditions, without causing failure. Surrounding each crystal is a boundary of a eutectic 
generally assumed stronger than the crystal. In the case of fatigue action the slip bands appear to 
follow the boundaries, whilst for steady stress they pass through crystals and boundaries indiscriminately. 


A feature of fatigue cracks is that they do not necessarily form at comparatively weak spots, such as 
occur in way of rivet holes. Failure is also not necessarily sudden, the process appears to be one that 
gradually breaks up the structure of the metal by the production of minute planes of cleavage among 
the crystals. 

It should, perhaps, be pointed out that in this paper “fatigue action” is meant to include all types 
of repeated movement caused by fluctuating forces, which have the effect of gradually breaking up the 
crystalline structure. 

Such fatigue action must be regarded as a very punishing one in many parts of a ship’s structure. 
Such parts may have the eflects of vibration and impact superimposed on material under complicated 
loading. The range and nature of the stresses must, in many places, fluctuate in a most irregular 
manner. 

Mathematical investigations of plating under uniform pressure, and beam theory generally, indicate 
how stress and deflection vary greatly according to end and boundary attachments. For panels of 
plating with riveted boundary connections and subjected to conditions at sea, steady stress or uniform 
stress would appear to be never present. Slight bendings and buckling of plating by throwing additional 
stress on surrounding parts maintain an ever varying fatigue action. 

Corrosion forming conditions also may be said to be never absent. Protective coatings may be so 
efficient that they do not allow corrosion to attack, but the ordinary paints and cement wash soon break 
down locally, and it is then that quick havoc can be wrought. 

From observation of the various types of failure, the destruction by fatigue and corrosion appears 
to occur in the following manner. Fatigue action first effects a disturbance of the surface. The surface 
disturbance provides a condition for corrosion to form. ‘The slight wastage causes a more local 
concentration of the fatigue action. The reciprocating action becomes localised at an increasing rate as 
time proceeds and tends to concentrate at a point. Forces, which would otherwise be of no importance, 
now operating almost at a point or along a short line can carry on the fracturing process. 


As an example of the extreme local effect, in the fore peak of an old ship a pin hole of light at the 
end of a stringer lug was observed, and, on investigation, a partly formed panting crack was found, but 
the inner surface actually broken through was almost microscopic in size. 

How quick corrosion can form is perhaps interesting to speculate upon. Ordinary damp atmos- 
pheric conditions can overnight effect a visible rusting in the vicinity of a punched hole. From this it 
might be deduced that the action is virtually instantaneous. 
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If we assume the production of surface slip bands and the action of corrosion to be co-instantaneous, 
the destructive effect of the combination can be readily visualised. 

Most of the local failures in ships occur in the plating rather than in the stiffening members, and 
it is perhaps worth while to briefly review the nature of the stresses which operate under service 
conditions. Where stiffeners end on a single thickness of plating near a en epgnibe 2 rigid boundary, 
the tendency of the end of the stiffeners to “‘ work” on the plating is practically a shearing stress. The 
action is what might be termed a slight joggling process. This is illustrated in Fig. 4, and is exaggerated 
in the drawing for the sake of clearness. It is obviously a most destructive movement. 

For panels of plating subject to blows, such as we have in the panting area, the stresses at the 
boundaries are in the nature of combined shearing and bending. Ran the point of view under 
discussion bending has an important aspect, as the maximum stress is at the surface—the part where 
corrosion is always ready to start. 

For resistance to shearing, the local loss by corrosion of even 3},"’ must greatly increase the intensity 
of stress. This increased intensity has to be met by material which, to commence with, has only 
ultimate strength of about 22 tons per square inch. The resistance near the hard point is thus 
diminishing at a quick rate, the loss of thickness being a cause of rapid decline. 

The almost unbelieveable strength of cellular construction, as witnessed in the double bottom of old 
ships in way of the engines and boilers, isan example which illustrates that corrosion alone, even of an extreme 
nature, does not prevent the structure from performing its duty if it is not operating at the vital spots. 

From the position and shape of fatigue fractures, it is indicated that if the slight strains in panels 
of plating, caused by blows, were allowed to move away unrestricted they might be harmless. Where 
they are checked by rigid points or short lines across the panels, local fractures appear as a result. 

The broad effect of fatigue action in way of discontinuities can be gathered from published 
experimental results. Such experiments indicate that for stresses varying in cyclical manner, while 
discontinuities do reduce the safe range of stress the reduction is nothing like the extent that elastic 
theory indicates. As an example, specimens of *32 carbon normalised steel, having measurable scratches 
only reduced the range by 80 per cent. against a calculated reduction of 85 per cent. When elements 
are struck sharp blows, however, the concentration of stress is much greater than when the load is 
applied in a cyclical manner. (The Behaviour of Metals Under Repeated Stresses, by Professor F. C. Lea, 
D.Sc., L.R.S.A., 1926-7). As most parts of a ship are likely to experience sharp blows, the absence of 
discontinuities is to be desired. Both local inter-crystalline disturbance and loss by corrosion must be 
considered as discontinuities, and, in consequence, causes of concentration of stress. 

The causes of local vibration are so many that it would appear impossible to prevent them, 
conditions at sea being such that many parts are practically always in a state of tremor. 

These vibrations in themselves cannot cause stresses of appreciable amount, yet it may be that they 
allow the stresses already borne, due to loading, to fluctuate considerably, and so give the necessary 
variation to cause failure. As an example, for a panel of plating under compression, the tendency is for 
the centre of the panel to buckle and pass the stress further out to material at the borders. For critical 
loading, vibration may cause a series of rapid stress fluctuations of sufficient range to produce the slight 
disturbance for fatigue and corrosion to start. 

The foregoing remarks, it is thought, clearly indicate that the nature of mild steel will, under 
service conditions, allow rapid local disintegration to take place. 


PART III. 


EXAMPLES FROM SHIPS. 


In the following examples of local failures, fatigue may be the primary cause and corrosion the 
secondary, in others the importance is reversed. In all instances, if either action could be eliminated, 
failure would be prevented, or at least a long time delayed. 

Perhaps the most common type of local failure experienced in ocean going steel ships is that usually 
referred to as the “panting crack,” a term now commonly applied to small fractures found in the bow 
plating of ships, and sometimes in the plating at the stern. Ihe cracks, more than often, form round 
the ends of stringer lugs in way of the fore peak and forward part of No. 1 hold. Occasionally, they 
take the form of a vertical fracture alongside the heel of the frame. Fig. 1 is an actual example, 
illustrating these two cracks, which are sometimes found together. 
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Attention was first drawn to this type of fracture by the late Dr. Thearle, in a paper read before 
the Summer Meeting of the I.N.A., in 1913. It is thought of interest to outline the paper briefly, as 
follows :— 


Cracks first observed about 1911. These extended right through the plating and, from the 
amount of corrosion which had taken place within the cracks, it was evident they were not of 
recent date. The cracks were clear of rivets and not near plate edges. They were similar to 
cracks observed in margin plates some twenty years previously, and which had been remedied by 
extra lug attachments and more extensive use of gussets. 

Thirty-three cases had been observed, the ages of the vessels ranging from two to sixteen 
ears. All types affected, i.¢., three deckers, spar deckers, either web framed or deep framed. 
Jessels by seventeen different builders. Common features were (1) either in fore peak or fore 

part of No. 1. hold (2) always at the back or edge of stringer lugs (3) always in the vicinty of 
frame unsupported by panting beam. Primary cause “ evidently slight local movement” frequently 
repeated and extending over a long period of time. Probably due to ballast voyages on American 
routes. Suggested remedy:—attaching unsupported frame to stringer plate by means of a bracket. 
Fitting double lugs to shell instead of single. 


That this type of fracture can still be met with in later vessels would indicate that a final solution 
has not yet been obtained, although undoubtedly the extra attachments and the later panting arrangements 
have lessened the number of cases. Four or five years after date of build is perhaps as early as trouble 
can be expected. Fig. 2 was sketched from a vessel three years old, in this case, however, the material 
would appear not to be above suspicion. From personal experience it would also seem that ballast voyages 
made across the Atlantic Ocean give the right conditions for them to be developed. 

From many years’ observation of a fleet of large colliers, which regularly sailed loaded to France and 
returned to the Bristol Channel in ballast, it was found that bow cracks were practically unknown. On the 
other hand, vessels which frequently sailed from this country to the U.S.A., South America, or Canada, 
and made many return passages in ballast, were found to suffer badly from shell cracks at the bows and in 
way of shell brackets. It may be safely said that few vessels on these routes escape this class of trouble. 

It is now put forward that corrosion accelerates the development of this type of fracture and does 
not merely mark the place where fatigue action is concentrating. It is a case, primarily, of a 
comparatively flexible panel of plating bounded by a relatively rigid frame of stiffening material. In 
practice, the degree of rigidity round the panel is not constant (see Fig. 5 for illustration of old 
construction). When subjected to forces travelling over it, the panel slightly moves in and out, 
according as the forces vary in intensity and direction. The flexing is concentrated at the boundaries, 
and receives its biggest check at the most rigid point—the heel of the stringer lug. The stresses at the 
borders may be small and, if the slight buckles were free to travel evenly up the frame space, would 
probably quickly and harmlessly pass away, but, in endeavouring to pass the stringer, the check is 
localised. The surface material is disturbed the most and allows corrosion to start. Long before a 
fracture appears the places where they will occur can be detected by a corrosion mark. This local 
corrosion eventually forms a shallow depression, and it is in this depression that the crack will finally 
appear (see Fig. 3). 

From observation of these preliminary rust marks, there seems little doubt that the fatigue action 
has had an important ally in corrosion. 

Date of build is not nevessarily a guide to the time taken to develop panting cracks, as changes of 
trade may have occurred as well as renewal of plates following bow damages. 

In odd instances, panting can be solely responsible, the action being so severe as to fracture the 
frames while not affecting the plating. 

As already stated, the failure of plating can occur in a few years, when a certain relative stiffness of 
plating and framing meets conditions such as arise when a vessel in ballast encounters heavy weather. 
This relative stiffness is considered to be affected by the curvature of the plating, and is one of the 
factors accounting for the different results experienced by approximately similar ships, a full ship that 
has almost a flat surface between load and light waterlines being more likely to suffer. 


Since preparing this paper, bow and local fractures have been described and remedies suggested in a paper by 
J. L. Adams, read at Newcastle in July of this year, at a Joint Meeting of the Inst. of Engineers and Shipbuilders in 
Scotland and N.E.C, Inst of Engineers and Shipbuilders, 
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It is modern practice to make the stringer shell lugs as close to the frames as possible, but this has 
not always proved a remedy. There is no doubt that double lugs, single riveted, is a better disposition 
of the attachment than a large single lug double riveted. The difficulty of efficiently fitting double 
lugs has, however, made the large single lug the common practice. 


With regard to the vertical fractures at the frame heels, the primary cause appears to be corrosion 
set up by water draining down the heels of the frames, and is usually only found in very old ships. 
The awkwardness of efficiently scaling behind the frames allows corrosion to thin the plating locally. 
The loss of stiffness permits fatigue action to concentrate, and the combination eventually parts the 
plating. When such plates are removed they show a distinct groove alongside the heel of the frame, 
and the fracture lies in this groove. 


In vessels built at the time when side stringers were first omitted, a similar kind of fracture occurs 
in the shell plating at the ends of the brackets connecting shell and bulkheads. Such brackets, of course, 
have not usually been fitted in ships built in recent years. These cracks have a more serious aspect than 
the bow panting cracks, as they occur just as frequently amidships as at the ends and have been the 
means of water entering the midship holds and damaging cargo of a perishable nature. Fortunately, 
like all fractures of this nature, they are of gradual formation and are usually observed soon after the 
first slight leakage, also the corrosion which has helped to accelerate them has the effect of rusting up 
the cracks as they develop, and for a time will almost keep them watertight. It is common to find on 
investigating a small leak that when the rust is removed the length of the fracture is much larger than 
anticipated. These fractures may be developed in two or three years, and they go through the same 
visible stages as the panting cracks ; a dark brown corrosion mark heralds the trouble and may be detected 
before a crack appears, a slight groove is next formed by the material corroding away and, finally, a crack 
appears in the groove. The rusting which follows up this cracking is such that one of about 9 ins. 
in length may be watertight and not showa leak inside. Again the main cause is due to the compara- 
tively rigid bracket end working against a single thickness of shell plating. 


The horizontal brackets sometimes fitted connecting the top of the after recess and the shell plating, 
also develop similar cracks in the shell plating around the termination of the brackets. In one vessel 
the port and starboard plating was found cracked two years after date of build. 


Web frame tripping brackets which terminate on the shell plating produce a like result. 


Many ships built during the last few years have been constructed without any brackets terminating 
on the shell plating, so that it is mainly in older vessels that this type of trouble will occur. As these 
older vessels still represent a large proportion of the tonnage trading, many cases are yet likely to be met 
with. 


Turning to the internal parts of the structure, the same type of local failure can be found. One 
example met with was an after peak bulkhead of small depth, due to its terminating on the after recess 
top and the watertight flat being only about five feet above. The bulb angle stiffeners were without 
brackets at the bottom and finished short of the foundation bar. On examining for a reported leakage, 
it was found that at several of the stiffener ends a crescent shaped crack had developed, and at others the 
material was thin and could not have lasted much longer. 


Further examples are found on ordinary peak bulkheads where side stringers are fitted and 
bracketed thereto, the same type of fracture having developed in the bulkhead plating round the bracket 
ends. Wash plates in peak tanks have also cracked the bulkhead plating at the heel of the connecting 
bar. Fig. 15 illustrates an actual and not uncommon case. 


The cracking of tank division plates in the double bottom tanks is a further instance. This 
failure generally takes the form of a she alongside the toe of the boundary bars. Again it is found that 
corrosion has locally thinned the material in the vicinity. Where tank end stiffeners are fitted and have 
been kept short of the toes of the boundary bars, the fracture of the plating accompanied by thinness 
around the ends of stiffeners may occasionally be found (Fig. 16). 


In rudders of ordinary single plate type, the fracturing of the post of the mainpieces near one of 
the arms, usually the one nearest the centre of the propeller, is all too common, and is now mentioned as 
a further example of the joint action of fatigue and corrosion. From a large number of cases observed, 
the following sequence of events has been noted. The post in the way of the rudder arm or arms at a 
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draught a little Jess than half the loaded draught begins to corrode at about one or two inches above or 
below the arm. This wastage is greater on port and starboard sides than in the athwartship direction. 
The corrosion lies in a local groove, the groove only being noticeable after the rust has been chipped 
away. As time progresses a crack develops in the groove and, in a few cases, the Leet has been completely 
severed. The opinion has been advanced that such defects can be attributed to erosion due to the 
scouring action of the water from the propeller. Erosion appears to have played a part in odd cases, but, 
for the majority, the fact that hard brown rust often completely fills the grooving, even before cracking 
has started appears, to rebut this theory. From the above facts it is deduced that the causes are as 
follows. The rudder is obviously an item subjected to all manner of pressures and blows, and is 
practically always in a state of vibration. The rudder plate forms an almost rigid stiffener in a fore and 
aft direction, and is comparatively flexible in the athwartship direction. In these circumstances, there is 
a component of every pressure or blow which can effect a slight bending between the arms in the 
athwartship direction. Peavidiser there is a little slackness between pintles and bushes stresses will be 
concentrated near the arms due to shock. In practice, especially with steel bushes, this side play, due to 
wear, will often reach more than half-an-inch. In addition to shocks, the effects of bending will be 
localised near the arms because of the discontinuity they provide. The sections of rudder immediately 
above and below the centre of boss are the ones to suffer most from blows and variable pressures, 
because of their large area and their position relative to water-line and propeller. The arm in this vicinity 
will in consequence be most affected. The surface material on the athwartship sides of the post near the 
arms becomes disturbed by the fatigue action and corrosion immediately attacks. These two actions 
being localised the weakening effect is accelerated. A surface crack is next developed, and the corrosion 
effect. becomes more rapid and eventually the post is severed. 

A sketch, Fig. 12, is given illustrating a typical fracture of a rudder mainpiece. This has been 
prepared from a number of cases in which the posts have been condemned and afterwards broken to 
examine the defects. 

Such failure of rudder mainpieces is a fairly slow process, and it is doubtful if many happen under 
ten years of service. Making the post with a slight tapered swelling at the arms has failed to provide 
a sure remedy, several having failed in the same manner and place as the plain posts. One instance of a 
complete breakage occurred in way of the swelling in a vessel eight years old. Figs. 6, 7, 8, 9 and 10 
are actual cases of defects developed in various types of rudders, and are given as supporting the 
arguments concerning rudders. 

The wastage by corrosion which takes place inside engine and boiler room tanks is usually regarded 
as entirely traceable to the conditions set up by heat. Damp heat is, undoubtedly, mainly responsible, 
yet there is at least some evidence for the belief that the vibration, and its resultant effect on the 
material at these places, plays a part. Speaking generally, wastage immediately under the engines is 
greater than out at the wings, especially if the engine room tank is a separate one from the boiler room. 
The position is more clear in the tank under the thrust seating, as this is usually entirely separated from 
the engine room tank. This part of the double bottom is sufficiently far from the boilers to eliminate 
the factor of heat, and, as corrosion is invariably more in evidence immediately beneath the thrust 
seating than out at the wings, the difference may be due conceivably to the vibration affecting the steel 
and making it more liable to attack. In this instance, if corrosion is prevented, the effect of the fatigue 
action is negligible. Fig. 11 is an actual case and fairly typical. 

All the above types of local failures are common. Odd cases, however, arise where the causes are 
much the same, and no doubt members will be able to recall singular examples. The following are from 
personal experience. (1) In a longitudinally framed vessel, with longitudinals in the fore peak, the bow 
plating in this vicinity developed cracks several feet long at the heels of the longitudinals. (2) In a 
corrugated sided vessel, five years of age, two fractures were found in the shell plating amidships at the 
heels of the deep frames, as shown in Fig. 18. At the heels of several other frames dark corrosion 
marks were observed on the outside of the shell plating, and on being cleaned revealed a slight groove, 
but cracks had not then developed. (8) In a vessel with the inner bottom continued to the upper deck 
the tank plating cracked at the junction of a semi-box beam, Fig. 14. (4) A steel grain division 
bulkhead with stiffeners, fitted short of the foundation bar, had fractures in the plating round the ends 
of the stiffeners. A very similar case to the after peak bulkhead already mentioned. (5) A panting 
beam bracketed to frame and shell plating, as detailed in Fig. 19, grooved and cracked the plating. 
This resulted in considerable damage to grain in No. 1 hold. 
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The frequent failure of oxter plates is not such a clear case. One sometimes suspects that hair 
oracks have been produced in the fashioning of the plates, and have either been hammer dressed or 
have been too fine to be observed when the plates were cold. Many cases occur, however, where port and 
starboard plates are broken. The failure of oxter plate repair doublings, and of repairs by welding, is 
also significant. The fractures which appear in the bulwarks, etc., near erection ends, and the cracks at 
corners of hatchways, are also considered to be in a different category to those already quoted, 
concentration of stress being so severe as to be the entire cause. 


Where fatigue action operates upon riveted connections, corrosion readily combines and the rivets 
are rendered useless very quickly ; beam knees, floors, and wash plates in peak tanks are good examples. 
For vessels whose trim allows pounding of an excessive nature, the forward margin connections generally 
are similarly affected. Slack rivets, which have not been promptly attended to, are found to be merely 
hanging in the holes, and on removal are hardly recognisable as rivets. The straining action in these 
cases is, of course, the primary one. That corrosion has accelerated the trouble would appear evident 
from examination of the rivets. 


It is a remarkable fact that while the effect of frequent and heavy pounding will often produce 
wavy plating and loose connections, yet fractures never occur in the plating under the fore foot. 
Blending the strong bottom construction to midship thickness of plating by double frames, or broad 
single frames, would appear to be the reason. 


Only examples from ship construction have been quoted. There are, no doubt, instances in 
engineering practice due to the same causes. 


PART IV. 
PREVENTION AND REPAIRS. 


It is considered that much can be done to arrest the development of local fratures by attention in 
the early stages. The preliminary corrosion marks are a plain indication where trouble is likely to arise. 
If these places be thoroughly cleaned down to bright metal and periodically protected with an anticorrosive 
coating the service of the affected item will be lengthened. One sometimes finds the grooves in the 
rudder mainpost filled by compositions such as gold size and cement. It is common with such treatment 
that corrosion and fatigue goes on behind the filling while the outward appearance is such as not to 
attract attention. A simple coating as described allows affected parts to be easily observed and the 
coating renewed. By attention to the preservation of floors etc., in way of machinery and thrust the 
influence of vibration can be completely nullified. 


For the shell plate cracks described, efficient repairs can be usually easily and cheaply effected. 
This might lead to the thought, they are of little practical importance. This is not the case. For many 
cargoes, absolute watertightness of the shell is essential and surveyors on duty in the large repairing ports 
will no doubt recall many instances when damaged cargo and legal disputes have resulted from defects 
of this type. Having to effect repairs at inopportune times is another important aspect. 

The repairs of cracks in plating by means of either oxy-acetylene or electric welding alone does not 
appear to be a suitable one except as a temporary measure. From observation of a number of instances 
such welding has appeared of little use, as the fractures have reappeared in the same spots after 
apparently a short period (see Fig. 3). 

The human element is an important factor where welding is concerned, and repair work is often 
carried out under rush conditions, These facts make it difficult to be dogmatic about welding. 
General experience, however, confirms that material deposited by the welding pom is not a good 
resister of corrosion, also its resistance to fatigue action is not equal to ordinary mild steel. The 
uncertainty of getting clean surfaces and good welding under usual repairing conditions is also against 
the method of repair. When welding is used to merely seal up the crack after a doubling has been fitted, 
the case is, of course, entirely different. 

The usual method of repairing cracked plating by means of a doubling is a very efficient one. Not 
only is watertightness secured, but prevention of a recurrence is effected, the doubling serving to 
distribute the working over a sufficiently large area. If more than one crack appears in a particular 
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plate, or others are forming, the plate is better renewed. The small outside patch is an ugly looking 
repair, but when it is not possible to fit an efficient inside doubling, one on the outside can often have 
reasonable appearance if fitted the full width of the plate. For fractures in bulkhead plating, tank 
division and any other internal plating, appearance is not so important. 


For present shipbuilding material the prevention of these local troubles is largely a matter of 
blending the rigidity of stiffeners into that of the plating. The need is to taper off the hardness of the 
heels of stiffeners and the ends of lugs and brackets into the less rigid plating. An arrangement such as 
shown in Sketch No. 17 is suggested as a method of achieving this object in some cases, and is analogous 
to the custom of fitting a doubling under the end of a plate fractured by a bracket end. As an 
illustration, such a broad liner could be fitted on a peak bulkhead at the end of the wash plate. In the 
example of the corrugated sided ship, if such strips had been fitted at the web frames, there is little 
doubt that trouble would have been prevented. For panting frames this would be a good arrangement 
were it not for the number of liners and extra riveting involved. For bulkheads and web frames in this 
area, however, it might be adopted with advantage. 


The nearest practical approach to this is extra thickness over the whole area and the modern 
tendency js in this direction. 


The bow panting cracks being largely due to ballast passages over routes where heavy weather is 
often encountered, such routes would appear to need extra thickness of bow plating. Of recent years this 
has been realised by some owners and their vessels for these routes have been built accordingly. The area 
thickened extending from just above the load line to a little below the light line and in a fore and aft 
direction from the stem to about 20 feet into No. 1 hold. 


There is an increasing tendency in modern shipbuilding to utilise tiers of panting beams only as a 
means of supporting the framing and without any shell attachment, the plating being of increased 
thickness. This distribution of material appears to be on right lines to meet the moving pressures and 
blows always present at the bows. In fact, as a general principle, if sufficient attachment is made 
between systems of stiffeners at right angles to each other, it would appear better to attach the plating 
only to stiffeners in one direction. Such attachment can, of course, be obtained by means of brackets 
which do not touch the plating. This does not necessarily mean increase of plating, as the thickness is 
determined by the spacing of the ordinary stiffeners. The slight deflections arising from varying forces 
are then harmlessly and quickly damped out as the buckle endeavours to travel. Local rigidity, with its 
consequent trouble to either material or riveting, would thus be avoided. 


For brackets, generally, the practice of extending the lug beyond the end of the knee plate gives 


good results, both from the point under consideration and also in preventing end rivets from working 
loose. 


For brackets terminating on the shell, connecting the bracket end to the frame by lugs to relieve 
the shell plating has not proved satisfactory in practice. The few rivets that can be placed in such lugs 
quickly slacken, and working then takes place as before. 


Experience also indicates that stiffeners should not finish on a single thickness of plating, if it can 
possibly be avoided. Carrying the stiffener over the boundary bar and taking a jointer rivet should, at 
least, be resorted to, and the hardness of the stiffener end reduced by considerable cutting away. 


Reducing the ends of stiffeners, and allowing them to terminate on a single thickness of increased 
plating has been applied to various parts of ships in recent years, close spaced riveting in the reduced 
ends of the stiffeners being relied upon to blend the parts attached. It will be of interest to note as 
time proceeds whether the correct relative rigidity has been determined. 


As the failure of rudder mainpieces in the manner described is almost unknown when rudders 
are fitted with brass linered pintles working in lignum vitae bushes, it seems evident that the well known 
excellence of this arrangement is well worth the extra initial cost. There is barely perceptable wear on 
the bushes even after years of service as against the frequent renewal of steel bushes, re-boring 
gudgeons, etc., and, in addition, the life of the mainpost is considerably lengthened if not entirely 
protected from this cause of failure. 
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Where the mainpost has been entirely severed, the rudder has been found to function so well that 
those on board were unaware of the fracture. Examination of such breaks has always shown that they 
must have been parted some considerable time. In view of these facts, it would appear that immediate 
renewal is not essential. Electric welding enables a good temporary repair to be made, as the position 
of the cracks permit large fillets. Fig. 13 shows an example Shere the welding was found cracked after 
three years of service, although the fillet was only small. 

There is now an increasing tendency to discard gussets, especially angle gussets, in favour of 
additional tank side lug attachment. It appears doubtful whether this latter method will not mean a 
return to the old type of margin plate cracks, say after eight or ten years of service. Personal 
observation of odd cases indicates this. 

Finally, it may be said that whilst all who are interested in ship construction and maintenance are 
ever on the alert to forestall these local failures, new problems are bound to arise from time to time with 
fresh structural arrangements and new types of ships. The great difficulty is that the merits of any new 
arrangement can only be tested by actual trading conditions, and it takes many years before correct 
relative rigidity of parts can be gauged. It is thought, however, that sufficient evidence has been given 
to indicate the lines upon which departures from convention can be treated. 
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DISCUSSION ON Mr. A. URWIN’S PAPER 


ON 


“THE JOINT ACTION OF FATIGUE AND 
CORROSION.” 


Mr. 8S. T. Brypen. 


I am very glad to have this opportunity of renewing Mr. Urwin’s acquaintance and of thanking 
him for this excellent paper. He is so convincing in his explanations that there is little to add. 

I should like, however, to endorse his statement in the first paragraph of page 6. It appears to me 
that the modern practice of fitting single lugs double-riveted on the panting stringers in the peak is not 
only less efficient than the double lugs single-riveted, but actually injurious, as it defeats its own object 
by forming an even stronger “hard-point” than the old single-riveted lug, about which the plating 
below may pant. 

Again, I am in agreement with him on the danger of replacing gussets at the tank margin by 
double margin lugs, for even with gussets fitted the margin plate is sometimes found fractured at the 
top of the margin angles, especially in the case of vessels built under the old Rules, when the number of 
rivets in the gussets was left to the discretion of the individual, and in cases where angle gussets are 
fitted having a sectional area much below the shearing area of the rivets securing them to the tank top 
and brackets. A case comes to mind of a vessel built in 1918 (4 years old at time of examination) 
where one angle gusset was fractured through, the rivets connecting others to the brackets were slack and 
the tank margin plate was fractured at the top of the lugs in two different parts of the vessel for lengths 
of twenty feet in each case. 

Another instance of fracture noted was the tank-top plating immediately forward of the stokehold 
bulkhead at the toe of the brackets on the stiffeners, which formed a “hard-point” reinforced by the 
floor below. Owing to its position this would be largely due to corrosion, though fatigue stresses doubt- 
less also played a part. 


Mr. C. A. TowNsHEND. 


I wish to thank Mr. Urwin for his paper and for the yery useful information which he has given us. 

In shipbuilding, theory and practice must of necessity be closely linked and every line of communi- 
cation is required to keep the thought of the designer in touch with the findings of the builder and 
repairer, and this paper forms an excellent line of communication. 

In my own experience I have met with instances of excessive corrosion which by their nature would 
suggest an influence additional to the action of ordinary corrosion and one particular instance I have in 
mind definitely points to it being the action of fatigue in the metal, though contrary to the author’s 
statement of what generally happens, this occurred in the stiffening members and not in the plating. 

The ship was about 400 feet long and was undergoing a first Special Survey No. 1, and in the course 
of the survey I found practically no corrosion until I examined internally the aftermost double bottom 
tank. This tank increased in depth to about 6 feet at the after end, where I found the stiffeners on the 
watertight floor so corroded that a blow with a hammer entirely removed the standing flange of the 
longest stiffeners. 

This tank end floor was a few frame spaces forward of the after peak bulkhead and therefore of a 
width sufficient to allow of fitting a few stiffeners which were 3x3x 3 angles spaced about 30 inches 
apart. These were obviously too small for the increased height of tank, and I estimated that the longest 
stiffeners were subjected to a stress of from 15 to 18 tons per square inch whenever the tank was under 
test pressure. 

The author also records the fact that joggling causes rapid corrosion. This is particularly noticeable 
in "tween deck frames at their lower end, immediately above the cement chocks, where a joggle generally 
occurs, and where corrosion is rapid on account of the continual wetting and drying. In a superstructure 
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*tween decks where the side frames are of small scantling, the initial impetus to corrosion given by the 
joggle, and assisted by moisture, is in my opinion, further accelerated by fatigue caused by racking 
stresses set up by the heavy topsides, as it is not uncommon to find the standing flange of these frames, 
they are of ordinary angle, worn to a knife edge at their lower end after comparatively few years 
of service. 


Mr. G. R. Epa@ar. 


Tt has been extremely interesting to read Mr. Urwin’s paper and to note the instances he gives of 
fatigue cracks occurring in various parts of a vessel’s structure. In fact, it is with a certain amount of 
disappointment that it is observed that the examples given occur mostly in what may be termed the less 
important parts. I do not say it would have been pleasing to read of numerous cracks in the topside 
strength structure but these would have been most interesting and from a subordinate position can be 
contemplated with comparative equanimity. Some little time ago I devoted some work to questions of 
reneatesl stress and maintained in a paper read before this Association that the action which practically 
the whole of a vessel’s structure had to sustain was of the nature of repeated stress and that therefore the 
desirable feature of the material of construction was a high fatigue limit. Though doubt has been cast 
on the latter deduction, this paper certainly makes it clear that the action of corrosion renders the liability 
to fracture by fatigue an ever present one. 

There is, however, a matter on which the author would perhaps enlarge. He refers to the combination 
of fatigue action and corrosion, and evidently visualises corrosion accelerated by fatigue, or brought about 
by repeated stress action where it otherwise would not be. This is of course entirely different from the 
additive and cumulative effect of corrosion on the production of a fatigue crack. It may of course be so, 
and though there is reason shown for inclining to that view, I do not see in the paper what could be called 
proof and it is this point that perhaps the author would elaborate. Putting the matter into an exact form, 
if there are three specimens : one unstressed, one subject to steady stress, and one subject to repeated stress 
below the fatigue limit of the material, and all exposed to the same corrosive influences, will that subject 
to repeated stress, fracture ? 

With regard to the permanently strained mild steel may the explanation not be that the flanging of the 
bilge brackets causes the mill scale to split off and the metal to be exposed and the thinness later 
experienced at the actual bend of the flanged parts be caused by the thickness of the material being 
reduced by the flow of the material caused by flanging. The exposing of the metal would also account 
for the rusting experienced in the vicinity of punched holes as corrosion does not normally appear 
excessive in this region. 

The author is, I think, to be congratulated on his paper, an excellent example of deduction from the 
surest premises—those of{the results of service. 


Mr. 8S. F. Dorey. 


Mr. Urwin’s paper is of interest in drawing attention to defects which are encountered in the 
structures of ships through corrosion and fatigue. On the engineering side parallel cases are met with in 
screw shafts and boilers, though the defects in the latter may perhaps more properly be due to embrittle- 
ment caused by the combined action of stress and chemical attack. 

It is appreciated that materials which have been overstrained, whether by steady or fluctuating 
stresses caused in the process of manufacture or in service, have been found to be more liable to corrosion 
than less strained parts, but in considering the joint action, which is primarily what the paper is intended 
to deal with, the author’s definition of the joint action, on page 3, does not represent the whole picture 
of events. More correctly perhaps, in many cases, it represents the second stage of the development 
towards ultimate failure, that is fatigue and corrosion occurring simultaneously. The first stage is 
probably caused by one of two things, either by overstrained material, that is material strained beyond 
the yield point or else by corrosion. In structures like ships and boilers overstrain may occur during the 
process of construction, e.g., in plates in the vicinity of rivet holes, or in cold bending and flanging. In 
service additional stresses can quite easily arise as mentioned by the author. 

On the other hand corrosion may be the primary cause, a pit being formed due to electrolytic 
solution pressure and followed by concentration of stress thus leading to combined fatigue and corrosion. 

Tt would, however, appear that no simple explanation of the joint action has yet been arrived at 
since it is only in recent years that a general study has been made of corrosion-fatigue, and the isolation 
of the various factors effecting the problem are as yet not completed with any degree of certainty. 
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The accelerated effects of chemical and mechanical stress have been investigated in this country by 
Haigh and more conclusively by McAdam in America who has shown that alloys of high electrolytic 
potentials have low resistance to corrosion fatigue. 

Mr. Urwin has quoted many cases illustrating both types of primary causes followed by joint action 
and by a useful series of illustrations has drawn attention to the various parts of the hull structure 
most liable to either corrosion, fatigue or the joint action of both. 

While experiments carried out in laboratories under carefully controlled conditions afford evidence 
of a useful character, the statement made by the author on page 2, lines 12 and 11 from the bottom, is 
fully concurred with. 


Mr. 8S. TowNSHEND. 


Mr. Urwin is to be congratulated upon the manner in which he has presented this subject relating 
fatigue to corrosion. 

The hull of a ship is relatively a flexible structure but there does necessarily exist within this flexible 
hull many stiff points such as transverse and longitudinal bulkheads and divisions, deckhouse corners, 
girder ends, ete. The designer frequently finds great difficulty in tapering off these stiff or hard points 
and it does happen that in his efforts to ease the position at one point he unconsciously aggravates the 
difficulty elsewhere. These hard points are the source of much trouble. There is a concentration of 
stress at them and fatigue and corrosion can soon break down the material. 

The author has given us the benefit of his experience and I am sure that many of our colleagues 
will be able to give valuable suggestions as to how troubles due to fatigue and corrosion might be 
alleviated. 

On the boundary bulkheads of deep tanks, where horizontal girders or semi-box beams are fitted, it 
is considered desirable that the stiffeners should be attached by lugs to the girders or semi-box beams. 
This is not always done in practice and often results in trouble. It would also be an advantage, where 
wash plates are riveted to the deck plating, to connect the intermediate beams clear of the wash plate 
stiffeners to the wash plate by lugs. 

The author states that web frame tripping brackets which terminate on the shell plating verelep 
cracks in the shell plating. It is difficult to see what to do in this case as the efficiency of the web woul 
be impaired if the brackets were omitted, but the danger might be reduced where the shell lugs on the 
brackets are doubled. 

Trouble at margin connections is frequent. The cutting of the whole of the transverse member of 
the ship at this part is an undesirable but unavoidable feature in ship construction. An investigation 
into margin troubles recently made revealed the fact that leakages and fractures are much more 
frequently met with in ships without gussets or with angle gussets. And again, ships with back lugs or 
double lugs at the margin in lieu of gussets are very susceptible to cracked margin plates. There is 
undoubtedly a concentration of stress at the top of the margin connections; the margin plate being 
generally flanged at this part is prone to corrosion. A gusset angle increases the concentration of stress 
as compared with a plate gusset which distributes the load over a frame space and the latter is much to 
be preferred to the angle gusset. 

It may be of interest to state that the investigations referred to, also emphasised that a long hold is 
conducive to margin damage and it is suggested that it would be good practice to increase the margin 
connections when a bulkhead is omitted or when a long hold is arranged. Margin damage also 
appeared more frequent in the two deck ship than in the single deck ship. 

It would be interesting to know what the author thinks of the possibility of fractured plating 
occurring at the ends of longitudinals and horizontals clear of doublings in the bracketless ae The 
pres side and deck plating might ultimately prove to be efficient but will the thin bulkhead plating 

@ 80? 

The author, referring to damage to rudders, states that where the mainpost has been entirely 
severed, the rudder has been found to function so well that those on board were unaware of the fracture 
and that examination of such breaks has always shown that they must have been parted some considerable 
time. ‘This causes one to wonder what is the use of the mainpost; further, what is the nature of the 
force which causes rupture and how is it applied? One would think that the force which could fracture 
the mainpiece would soon deal with the rest of the rudder and that if it is not sufficient to break the 
rudder how does it fracture the mainpost. Maybe the mainpost is too stiff and the rudder is too flexible. 


+ 


Mr. E. W. Biocksmpesr. 


The subject under discussion this evening is one of great importance and creative interest to every 
surveyor. Not long ago we received papers from Dr. Pickworth and Mr. W. Bennett relating to 
corrosion, followed by one on the subject of repeated stresses or fatigue by Mr. Dorey. The paper 
before us is a combination of the two subjects and, as such, it is assumed, must not be separated when 
submitting any remarks. 

It is a theoretical axiom that if a steel plate or bar is not stressed beyond its limit of proportionality 
no alteration takes place in the structure of the material; yet we are informed by recent investigators 
that when these stresses are repeated or constantly applied the result is fatigue, and the molecular 
combination is disturbed or presents a more favourable condition for the attack of corrosion. 

There is plenty of scope for further investigation and practical observation before it can be accepted 
that fatigue in itself is responsible for corrosion. However, what do we find from a careful scrutiny 
during the survey of a cargo or passenger ship? Experience has taught us where to anticipate defects. 
Stresses are set up in the fore and after peak tanks and in way of the panting reinforcements forward, 
due to the effects of propulsion and pounding with changes of draught. Defective rivets in these places 
is a common experience and corrosion on the rivets and in way of the bracket attachments is constantly 
to be observed. 

Where the side and bilge plating breaks from the midship body into the forward and after ends 
there is sometimes stress set up on the rivets in the landing edges and frames, because the plates when 
erected did not originally lie fair with the contour of the ship. The same evidence, in varying degree, is 
found in the vicinity of reinforcements or doublings at the ends of erections, at sheerstrakes and 
bulkhead connections. Reference is made in the paper to the presence of corrosion in way of the joggles 
in frames, beams and plating, which are positions a surveyor would, naturally, look for trouble. The 
reference to cracks in the corrugations of the side plating, in the particular case mentioned in the paper, 
seems to suggest that the material was defective before erection. The same trouble is found in furnaced 
plates in way of the propeller shafts. 

To state that such defects are the direct result of stress or fatigue is not conclusive and I suggest 
that the trouble is largely the outcome, in my humble opinion, of poor workmanship and design. 

To minimise the effect of corrosion, greater care might be taken to remove the scale from the 
plating and framing before any paint is applied, and then coat the faying surfaces with red lead. The 
old practice adopted in the Admiralty service of dipping certain plates ina solution of hydrochloric acid 
and then cleaning them with fresh water and wire brushes, served its purpose. I do not recommend the 
same precaution applied to merchant practice, but I do suggest that greater care could be taken to clear 
the surfaces of the steel, with beneficial result to the ship aud the owner. 

Our thanks are due to Mr. Urwin for contributing such a practical paper to the Transactions and 
one which appeals to our members in the outports. 


CORRESPONDENCE, 


Mr. E. H. Dean. 


I have read Mr. Urwin’s paper with a great deal of interest and should like to thank him for a 
very seasonable contribution to the Staff Association records. 

The following remarks are sent not so much as offering any discussion, but simply as observations 
made on some of the points raised in the paper. 

Accepting the author’s statements (on page 3, part II. of the paper) that permanently strained mild 
steel is very liable to corrosion, and that fatigue actions combined with intensified corrosion tend to 
accelerate cracking, it would appear that this is a reasonable explanation for the failure of oxter plates. 

It will be generally admitted that a higher percentage of oxter plate cracks develop in vessels with 
cruiser sterns than the ordinary counter type of stern, and the circumstances which govern cruiser sterns 
in service would appear to give rise to very punishing fatigue actions in the vicinity of the oxter plates, 
and this combined with the excessive heating and hammering of the plates at the building would 
undoubtedly afford an excellent combination of fatigue and corrosion causing accelerated local 
destruction. 

As a method of repair a large section angle bar bevelled and rounded to suit the conditions and 
carefully fitted and riveted has in many cases proved efficient, and has stood the wear and tear where 
electric welding or doubling plates which are heavily punished in the making to fit due, in many cases 
to the very acute angles, have failed to cure the defect. 
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Referring to part IV., page 8 of the paper, it cannot be too strongly stressed that the too frequent 
use of oxy-acetylene or electric welding for fractures in shell plates excepting in very extreme cases of 
urgency should be discountenanced. 

In the majority of cases the welding appears either to disintegrate from the original material and 
loosens, or sets up corrosion at the edges. 

Regarding the fitting of doublers in way of shell cracks, an interesting case comes to my mind. A 
crack had developed in the shell plating in way of the side stringer bracket to bulkhead shell connection 
in way of the W.'T. bulkhead between Nos. 1 and 2 holds in an ordinary three island type of cargo 
steamer. As a permanent method of repair the crack was electrically welded and an efficient riveted 
doubler fitted on the outside the full width of the shell plate. At the next drydocking of this vessel, in 
about nine months’ time, a crack had developed right through the welded shell plate and the doubler as 
well, in precisely the same spot. I should imagine, however, this is a very rare occurrence, as the welding 
and doubling method of permanent repair has in every other case of my experience proved satisfactory. 


Mr. C. BARTLETT. 


Mr. Urwin in his excellent paper propounds the theory that fatigue and corrosion are joint actors, 
and he is apparently of the opinion that if the effect of one be represented by (a) and the other by (0) 
their collusion approximates more nearly to ab than (@ + 6). Practical experience fully endorses the 
author’s views, but it seems that a third actor might have been given more prominence, namely, the 
presence of permanent strain in some parts of a vessel subject to fatigue and corrosion. 

The continual trouble with oxter plates may be cited as an example of the work of the triad. The 
author suggests the initial presence of hair cracks as a probable cause of frequent failure, but a more 
likely theory is that permanent strain due to work done on the plates renders them more vulnerable to 
the effects of vibration and corrosion. 

Regarding Fig. 2 of the diagrams showing bow plates cracked from rivet to rivet along a frame, this 
special type of fracture would seem to indicate that the plating was slightly “bellied” between the 
frames and, as a result, the plate vibrates with the line of rivets as a fixed axis and not, as in the more 
general case, the heel of the frame, or the end of the stringer lug. 

The most interesting case of fractured plates with which the writer has had to deal occurred in two 
vessels fitted with Macintyre tanks. In each case the tank top was fractured in several places, for 
lengths varying from one to ten feet, along the heels of the longitudinal girders on top of the floors in 
the tanks. The tank side lugs and web frames at the ship’s sides were also giving trouble. The vessels 
each had one hold from the engine room aft to the collision bulkhead, with two long and wide hatch- 
ways. The general nature of the defects developed indicated that the vessels were working in the 
transverse sections. 

The author’s statement that doublings form an excellent repair for panting cracks almost confirms 
itself. Where a plate has to be renewed extra thickness of material has been recommended with excellent 
results. This would seem to justify the recent innovation of fitting thick shell plating in the panting area. 

Apropos of the united effect of strain, fatigue and corrosion, the few cases of pitting of shell plates and 
rivets which have been personally examined seem to justify the idea that the joggling of shell seams sets 
up a state of affairs more prone to result in pitting than when the seams are not permanently strained by 
joggling. 
ve Of local vibration the author says :—‘“ Conditions at sea being such that many parts are practically 
always in a state of tremor.” 

Personal experiences of Channel crossings are always interesting. 


Mr. G. L. Lye. 


The whole problem of fatigue and corrosion in ships’ structure is a fascinating one, but one only to 
be handled in detail by experts. The behaviour of the steel structure of ships under joint action of 
fatigue and corrosion in actual sea-going conditions is difficult to determine, and in this respect we 
perhaps should consider results from experiments as comparative values only. Experimental results 
obtained do not give data in relation to the actual fatigue which the various parts of a vessel undergo 
during abnormal weather conditions. Prepared samples for experiment are like many other samples, in 
many instances they are somewhat better prepared than the actual structure they represent, therefore 
cannot be taken as true examples. Corrosion inevitably modifies results from research work on fatigue 
as applied to ships. 
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Corrosion with its universality and continuance is a constant source of wonder to the outside 
observer. Fatigue and corrosion appear to be twin brothers, and in most cases work hand in hand when 
attacking the steel structure of vessels. It is very rare one finds a really clean fracture in the 
structure of vessels. 


The types of fractures quoted by the author are general types met with by the surveyors, but 
happily their appearance during recent years appear to be gradually diminishing. 

It is not what should be done after fatigue fractures have appeared, but the prevention of such 
failures happening should be given consideration. Efficient design and distribution of materials will 
assist to cut out the possibility of such fractures, but to my mind workmanship plays a greater part 
than we give credit for in being one of the initial causes. Let us take a number of the illustrations 
given by the author. On examining somewhat similar fractures on various vessels from time to time it 

as been observed : 

That rivet holes in the vicinity of fractures have not been as fair as they should be. 

That holes appeared to have been drifted reasonably fair prior to fitting of rivets, thereby 
damaging the material and causing the thicknesses of material to open somewhat in way of the 
drifted holes. Rivets cannot draw the surfaces close with such holes. ‘That where fatigue fractures 
have been observed at ends of angles, it is frequently found that the angles have been fitted with a 
shear rag edge on them, and at time of riveting this edge has been hammered into the plate, thus 
causing aslight break in the plate surface, which in my opinion, in many instances, develops and 
ends in fracture. This minor cutting in the plate surface has a similar effect to a centre punch 
mark put on a plate which is afterwards flanged with the centre punch mark on the outer side of 
the radius. Invariably these marks, at time of flanging, show signs of fracture, and I have 
known many flanged plates to be condemned or angles fitted in lieu through this cause. 

That the varying members of the structure in many instances do not carry their share of stress, 
for example, shell flanges of frames are sometimes over or under bevelled, others have a round on 
the shell flange caused by bevelling, whilst others may have a distinct cutting ridge left on at the 
heel. Ill-fitted liners or under or over joggled frames are sometimes found. Stringer angles 
also suffer from wrong bevelling. All the foregoing tends to form a series of “hard points” which 
cause undue stress at local parts instead of the team work which is expected of them. 

Any surveyor who will take a little time to knife the heels of frames, stringer angles, deck beams in 
way of stringers, etc., from the forward end of No. 1 hatch to the stem of the ordinary vessel] will in 
some instances be surprised at the result. 

It would be of considerable value if the ends of angles at vital parts of the ship’s structure were 
buffed fair after leaving the shears. Observe any angles being cut at a shearing or cutting machine, 
then examine the cut ends, a considerable rag is on one, the other is somewhat distorted. 

I have drawn attention to workmanship; frequently during discussions it never receives the 
attention it merits. Improved design and distribution of material will largely help to lessen the possible 
chances of fatigue fractures, but without good workmanship the results hoped for may not be achieved. 


’Tis true that vessels on the North Atlantic trade appear to suffer most from fatigue fractures, but 
it is strange if we take two vessels of a similar type we may find one suffering from fatigne fractures, 
and the other free of all such evils. 


Diminution of area by corrosion appears an important factor and present general methods of ships’ 
upkeep support the active action of corrosion particularly in corners and awkward-to-get-at parts, and it 
is in such places we generally find defects. ‘To scrape the surface merely and then to plaster on more 
paint does seem a wasteful extravagance. Cause of decay is usually uncleanliness, using that term in its 
technical sense. 

If it was possible to maintain the original thickness of plating throughout the life of the vessel it 
would go a long way to reduce fatigue fracturing and many other ills so common to ships. Ultimately 
no doubt there will be supplied some form of rustless steel which will do for the shipowner what rustless 
cutlery has done for the housewife. 

Mr. Urwin has detailed a number of types of fractures which no doubt most of us have observed at 
different times. I might mention one type of vessel which sometimes develops numerous fatigue 
fractures :—The Buik Oil Carrier. In these vessels fractures have been found in forward shell plating, 
midship side shell plating, bilge strakes, after end shell plating, bottom shell plating, decks, bulkheads, 


framing, sternframes, rudder posts, and in each instance, almost without exception, diminution of area 
was very pronounced. 
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Failures to rudder main pieces might be somewhat eliminated if a modification of the present form 
was adopted. 


The author calls attention to the wastage by corrosion inside engine and boiler room tanks. There 
does not appear to be any sufficient reason why ordinary tank air pipes should be standardised at 
24 inches. I would suggest pipes of 6 inches diameter. The means of ventilation can hardly be 
overdone, and large sized air pipes would tend to prevent the excessive deterioration which normally 
goes on in these spaces. 


Simplicity of parts and ease of access are the simple essentials of cheap and efficient construction. 
I should like to thank Mr. Urwin for his very able and interesting paper. 


Mr. C. Hastin. 


The structure of a ship composed as it is of many different parts, and subjected to varying stresses, 
will be subject to possible sources of trouble and the illustrations in Mr. Urwin’s very interesting paper 
show defects which have no doubt come under the notice of many colleagues. 


Many valuable lessons have been learned from laboratory experiments but in many cases the 
improvements effected have been due to the careful consideration of details by the designer. 


In considering the stresses to be borne by the material, the possibility of stress inherent in the steel 
consequent on the process of manufacture is generally overlooked. A good illustration of this nature is 
to be found in the preparation and manipulation in the boiler shop of material for the drums of high 
pressure boilers. 


In a recent case the shell plates at the fore end of a ship showed fractures in way of the connections 
and on enquiries being made it was learned that some time previously the plates had been faired in place. 


It has been stated that where a small segregation takes place, the crack always follows the boundaries 
of the crystalline grains of the metal, whereas a fracture from strain or fatigue nearly always runs across 
these grains, at least in part. 


Failure by fatigue is caused by repeated stresses not so severe as to cause fracture but continued 
long enough to produce a yielding of the metal. The small crystallites, in time, no longer able to resist 
the stress, lose their cohesion and slip over each other with the result that a very fine crack develops. My 
thanks are extended to Mr. Urwin for his interesting discourse. 


Mr. A. W. Jackson. 


The author is to be congratulated on bringing to the notice of the members of the Staff 
Association his observations in connection with fatigue and corrosion of ships, as by so doing he will 
have elicited similar experiences from his colleagues which when published in the Transactions of the 
Association will increase the sum total of the members knowledge, on the subject. 


It would appear that inequality of support of panels of plating sets up stresses which are 
repeated until fracture occurs. 

Bad design, bad workmanship and lack of time to do the job seem to be responsible for the defects 
mentioned by the author, appearing. Generally speaking, while the broad outline of a design is 
approved, the details are not always worked out in the drawing-office, and the man on the job is left to 
fix up the actual connections at theship. This often comes about because members of the drawing- 
office staffs are not practical men. 

As far as the main parts of the structure are concerned the Rules clearly outline what is to be 
done, but a large amount of detail work is left to the practice of the yard, and it is in such parts 
of the vessel as in way of panting arrangements, bulkhead brackets, connections of tunnel recess at 
fore end to shell plating and oxter plates that trouble occurs. So much for bad design. 


As regards bad workmanship, this is not of an intentional character, but due to the fact that 
the workman does not recognise what will happen in the future. 


Take the case of the lug connections of the panting stringers to the side plating, actually the 
plating is very slightly curved from frame to frame, but it is to be doubted whether the lugs are 
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not just sheared off from the bar, punched and bevelled and bolted in place ready for riveting. 
Consequently the ends of the bars are bearing heavily on the plating near the heels and toes of the 
frames, thus setting up large local stresses. 

Then, again, sufficient attention is often not paid to the bevelling of the aforementioned lug con- 
nections, and it is possible to get a feeler between the toes and heels of these lugs depending on 
whether the bevelling is too closed or open. Consequently the rivets are not doing their duty if the 
work is not properly closed, and the question of inequality of support crops up. 

Abrupt discontinuity of material is also responsible for fractures at the ends of connecting lugs. 
Often the end connections to frames of bulkhead and tunnel recess brackets by means of lugs are so 
poor and so badly riveted on account of inaccessibility, that they would be the first portions of the 
structure to give out under repeated stress. It would appear that half diamond plates connected to a 
face angle on the bracket with a lug connection to the frame would be better. 

This type of construction extended would bring us back to the old web frame and side stringer 
construction, which certainly had the merit of breaking the panels of plating and reducing stresses, 
although somewhat heavier than what obtains in this weight saving age. 

As regards the action shown in Fig. 4, it is quite possible this is caused by the end of the 
stiffener being sheared off and slightly bent, thus increasing the stress in the plating between the end of 
the stiffener and the toe of the boundary bar. To obviate this, the method advocated by the author 
could be used with the resultant much dreaded three ply rivet, or the end of the bar could be carried 
down slightly so as to overlap the boundary about 4”, and the bottom rivet in the stiffener kept just 
clear of the toe of the boundary bar. 

Oxter plate troubles can sometimes be traced to the fact that the radius of curvature at the knuckle 
of the plate that comes in the arch of the sternframe causes the inside row of holes to come too near the 
knuckle, consequently the flange of the oxter plate on the arch of the sternframe does not bear flat all 
over. Thus the inside row of rivets are not doing their fair share of work in the connection and the 
structure is flexible where the cracks occur. To obviate this state of affairs the arch of the sternframe 
near the junction with the rudder post could be increased in depth so as to leave a larger bearing surface 
for the oxter plates above the top row of rivets in the arch, or else a heavy angle capable of taking two 
rows of rivets in each flange could be well fitted to the arch of the sternframe and the oxter plates 
secured to the other flange. 


Mr. J. S. ORMISTON. 


The Association is to be congratulated on having such a paper as this in its Transactions. 


The paper deals principally with some cases of local failures met with on ship structures in service 
and make suggestions to overcome or prevent the failures referred to. 

The author considers apparently that these failures may be attributed to a “destructive combination 
of the joint action of fatigue and corrosion.” 

The reduction of the original scantlings of the structure and modification to some extent of the 
original elastic properties of the material as results of corrosion are weakening and injurious and alone 
can lead to failure of the structure. 

The author then suggests ‘‘fatigue” as the other evil agent of the destructive combination. Here 
I would say straight away I do not understand why the use of this word has crept into technical 
nomenclature in the way it has. The title “fatigue” in engineering has come now to mean and be 
synonymous with the phenomena of failure of materials under repeated or varying stresses. It is a 
use of this word much to be deprecated. To the writer, the word “ fatigue’? means exhaustion or break- 
down of resistance after a period of strain. 

There has been much written, mostly during the last two decades, on the behaviour of materials 
under varying or repeated stresses. 

Formerly, testing of materials was confined to putting a test piece of the material newly rolled in to 
an ordinary lever testing machine and loading the test piece gradually from zero load up through the 
stages of elastic and plastic strain to ultimate failure, obtaining for ordinary structural mild steel an 
ultimate or breaking strength of somewhere within the limits of 26 or 28 to 33 tons per square inch on 
the original section of the test piece. 
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Nowadays, for many structural details, the engineer is able to refer, in addition, to a large mass of 
results of tests under repeated straining actions. 


What, broadly speaking, does he find? He finds that for a structure subject to repetition of 
straining actions varying from zero to a numerical maximum, or from a compressive minimum to a like 
or unlike tensile maximum or in some other manner, he must know something more than the ordinary 
“static” ultimate resistance referred to above—he learns and has to understand that if the stress on the 
structure exceeds a certain value numerically less than the “static”? ultimate strength, failure will take 
place aftera certain number of repetitions of the stress. In other words, the ultimate strength for the 
material under repetitions of stress is not the same as its ultimate strength for a single loading in a 
testing machine in which the load has been gradually increased from zero to breaking point. 


The result is to the engineer the same in both cases, namely, failure. 
Why then should not both failures be termed “fatigue” or rather, neither ? 


Does the ordinary statical ultimate strength deteriorate with time and repeated applications of load ? 
So far as the writer has read or heard, the statical breaking strength of structural material subjected to 
repeated stresses remains unaltered. 


Further, the endurance limits and ranges of stress obtained from repeated stress tests—see the 
writings of Gough, Haigh, Lea, Moore and Kommers and others—show that steel will stand without 
failure many millions of reversals and repetitions at high speed of straining actions with high stress limits 
and that if the stress limits are a little less than a certain amount, failure, so far as is at present known, 
would never occur. 


“Fatigue” then is apparently a misnomer and the writer holds is a dangerous and certainly 
misleading word to use in referring to failure of materials under repeated stresses. 


Also, it must be remembered that most of the local failures which are met with in ship structures 
arise from the parts involved having been subjected to impacts and shocks and therefore the momentary 
stresses induced must have certainly exceeded the original conventional elastic limit stress of the steel so 
that permanent strains have been produced in the material which are bound to lead, in their cumulative 
effect, sooner or later, to failure. 


The phenomenon indicated in the paper in Fig. 4 is certainly what actually happens for such an 
“end” condition. The writer personally has seen the joggling process in a case of Deep Tank Bulk- 
head stiffeners in which the rivets in the lower end brackets—which were rather small—failed under a 
somewhat excessive head, and the next moment, after the bracket attachments gave way, the bulkhead 
plating joggled quite sharply; the test head, which a moment before had been increasing, was 
immediately released to avoid incurring further damage. 


The reference on page 5 of bow cracks found in vessels trading across the North and South 
Atlantic Oceans is interesting. Undoubtedly an ocean voyage, especially one across the North Atlantic 
in winter, is a severe test. 


The writer is inclined to the belief that defects in the first fitting of panting stringer shell lugs on 
the shell plating can be taken as an important contributory cause for these “bow cracks” when they 
have occurred. 


I agree with the author with his remarks near top of page 6 regarding relative efficacy of single 
double riveted lugs and double single riveted lugs to panting stringers. 


The cracks experienced at the ends of the brackets connecting the top of the after recess and the 
shell plating referred to on page 6 would probably have been avoided, and greater structural efficiency 
obtained by fitting a short length of ordinary side stringer extending a few frame spaces forward of the 
fore and of the after recess or alternatively nothing at all. 


I think we may attribute the cracks in rudder posts (referred to on page 7) as due in a large 
measure to the sudden increase in torsional moment experienced by the stock at each rudder arm. 


The tendency referred to in paragraph 5, page 9 is important. For some time I have in my own 
mind pictured the omission of shell connections of panting stringers or indeed of the panting stringers 
altogether to be compensated by increase in shell plating thickness by analogy from the modern practice 
amidships. It has to be remembered, however, that amidships the loading is relatively quiescent, while 
forward and aft impacts and shocks have to be provided against. 
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Possibly a suitable alternative to the arrangement referred to in the penultimate paragraph on 
page 9 might in some cases be the fitting of a back lug at the ends of the stiffener. 


I am not in favour of electric welding for circular rudder posts even as a temporary repair—for a 
stern post an electric welding repair is much more logical, since there are flat surfaces on which to weld, 
and the structure is more rigid than the main piece of a rudder. 


In conclusion, I would add that the thanks of the Association are due to the author for this 
interesting pathological study of some of the diseases of ships’ structures. 


Mr. W. Bennett. 


Since the commencement of the steel age the subject discussed by Mr. Urwin has become 
increasingly ee due to the large number of failures which could not be accounted for by the usual 
explanations. It is a matter of engineering history that as far back as 1859 Wohler started his classical 
experiments on repeated stress tests of metals, which extended to the year 1871. These are described 
fully in “Engineering” of that year. In the early stages, it was considered that the crystals of metals 
under repeated stresses underwent some change which rendered the materials brittle or “crystalline.” 
Later in the “nineties” several English metallurgists conducting careful microscopic tests came to the 
conclusion that the so-called “crystallization ” was nothing more nor less than a splitting up or cracking 
of the crystals or grain boundaries near or at the part most affected by the repeating stress. The actual 
position of the failure may be accelerated or accentuated by a tiny local defect in the material unobservable 
to the eye, but once the crack has commenced it at once sets up a highly intensified point of stress 
tending to induce further failure. The term “fatigue” is not a technically correct one, a more correct 
expression for the phenomenon being, perhaps, “ progressive failure.” 


As Professor Lea has stated in his Paper to the Staff Association in 1927, much discussion has 
centred around the question as to which physical property of material should be used in deciding upon 
a basis for the “factor of safety”; whether for example it should be ultimate tensile, elastic limit, limit 
of proportionality, hardness or impact. Doubtless each of these properties has a certain definite 
theoretical value in ascertaining the value of the material for a specific purpose. To these might be 
added, the “‘endurance limit,” which is the limiting stress below which the material can withstand an 
indefinitely large number of cycles of stress without failure. Under actual service conditions it is 
supposed to be the occasional cycles of stress over the endurance limit which causes the “ fatigue” cracks. 
At first these cracks are so small as not to be capable of detection. It has been proven, too, that the 
endurance limit is co-related to the tensile strength of the material but does not seem to follow any 
definite relation to the elastic limit. ‘This may be explained, perhaps, by the fact that the elastic limit is 
the beginning of slippage of the crystals, whereas the endurance limit is associated more with the failure 
of a boundary at a point of intensified stress. 


It is axiomatic that either corrosion or “ fatigue” can produce, under favourable conditions, great 
hardships on a structure, but when we come to a consideration, as in this Paper, of a combination of 
both, we find from the conclusions of investigations some very remarkable results. Dr. D. J. McAdam, 
for example, has stated that “corrosion of unstressed steel roughens the surface, and when subsequently 
stressed there are set up intense localized stresses at the pits and grooves caused by corrosion. The 
weakening effect of such corrosion may amount to 15 per cent.” Tests made by Dr. McAdam indicate 
that if steel is exposed to a corroding agent while it is being subjected to repeated stress, the injury is 
much more serious than when the corrosion has taken place prior to the “fatigue.” This is analogous to 
the conditions found on ships in service and should be kept in view in a consideration of the subject. 


It is very difficult, as Mr. Urwin has stressed, to distinguish between “fatigue” and corrosion in 
local failures, and sometimes equally difficult to distinguish between a “fatigue” failure and heavy 
weather damage. I would like to enquire from the author the procedure to be adopted in establishing 
whether a fracture on, say, a strength member of a ship is due to “fatigue” or not. In other words, 
suppose test pieces are taken from the plate alongside the fracture, will ordinary physical tests indicate 
whether the plate has so failed, and what are the nature of such tests ? 


It is on record that some of the largest vessels, including the ‘‘ Mayesric,” have at different times 
fractured their strength deck, and the “ LEviATHAN”’ is ab present undergoing repairs at this port on 
account of (as stated) more serious fractures which have developed through the strength deck, sheerstrake, 
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and two strakes below, on the starboard side. These fractures are stated to be immediately under the 
forward expansion joint, the thickness of stringers and sheerstrakes (both doubled) being approximately 
2} inches each; the material being mild steel. 


These cases are cited as showing what can take place in the structure of even the largest vessels, 
and some information as to the procedure which could be followed in similar damages to ascertain 
whether these were due to stress of weather or fatigue, would be very helpful. 


I wish to thank Mr. Urwin for his interesting Paper. 


REPLY BY THE AUTHOR. 


May I take this opportunity of expressing my sincere thanks to the various members for their 
contributions to this paper. 


I feel the subject is one that will come more to the front in the near future, due to the increasing 
attention that is being given to it, and I fully agree with Mr. Blocksidge in his remark that there is 
yet plenty of scope for further investigation and practical observation. 


Attention has been drawn to the fact that the word “fatigue” is not a happy description to apply 
to steel which has suffered as a result of repeated stresses. This has been generally recognised for 
some years. The word suggests a state from which there is recovery, either by rest or heat 'treatment, 
which, of course, is not the case. We are, however, still without an apt word to take its*place, and 
as a resort to somewhat lengthy descriptive phrases is the alternative, the word still serves for reasons 
of brevity. 


It is of interest, I think, to note that many members have expressed themselves as being in 
general agreement with the views expressed in the paper. 


The unequality between rivet strength and scantling strength of tank gussets, mentioned by Mr. 
Bryden, is worthy of notice, as the disparity has been sufficiently great in some instances as to provide 
a connection far from logical. Mr. ©. A. Townshend’s remarks on the stiffening of a tank division 
also reminds me of trouble met with where inadequate stiffening has been provided on the tank 
divisions in double bottoms of good depth. 


I am sure that while Mr. Edgar finds local failures of less technical interest than structural 
examples, he must recognise their financial importance to Owners and Underwriters, and that a spoilt 
hold of cargo is a costly item. With reference to whether I visualise the action of corrosion being 
accelerated by fatigue action, I have to say that I visualise an accelerated formation of rust due to 
attack in the minute cleavages between parted or broken crystals, and that such attack by joining up 
slightly separated cleavages serves to accelerate concentration of stress and consequently local failure. 
The factor of corrosion I regard as operating to convert an intermittent process into a continuous one. 


Of the three states of material—normal, strained and fatigued—and their relative liability to 
corrosion, I consider the answer may be judged by the nature of the crystal disturbance. The normal 
material judged in this light is the least liable. Crystal separation (fatigue) as distinguished from 
erystal sliding (strain) points strongly to the possibility of fatigued material being most susceptible. 
Experiments by Dr. D. J. McAdam, as mentioned by Mr. Bennett, appear to confirm this. I cannot 
agree with Mr. Edgar that a flanged plate is thinner due to flanging; in a test piece of very small 
width, however, it might be so. 

Mr. Dorey is of opinion that the joint action I have described, in many cases represents the second 
stage of a fracture and that some other cause may start the process. I agree that there can be many 
initiating causes directly traceable either to the material, peculiarity of design, an occasional abnormal 
stress, or other factors. I am confident, however, that with normal mild steel, customary design and re- 
peated stresses below the yield point, local fractures can even then take place. 


I am in agreement with Mr. S. Townshend that long holds are conducive to cracks in the margin 
plates and on this point it is interesting to note that Mr. Bartlett gives a corroborative example. As to 
the possibility of trouble in the bulkhead plating of bracketless ships, this will depend, I think, on whether 
the correct relative rigidity of plating has been provided. The corrosion factor is certainly a strong one 


in tankers carrying light oils. Mr. Lyle in his remarks on oil carriers gives interesting evidence bearing 
on this question. 
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Mr. Dean’s experience, I am interested to note, has been that oxter plates of cruiser sterns are highly 
subject to cracks, my own experience confirms this. The angle bar repair to which he refers—also men- 
tioned by Mr. Jackson—has always appeared to me as satisfactory. The instance quoted by Mr. Dean of 
a crack in the side shell plating recurring in way of both the repair doubling and the electric welding is 
specially interesting as indicating the trouble that hard points on plating can cause. 


Somewhat similarly, rigid lines of support associated with thin plating has often resulted in cracks 
of long length. In this class of construction can be placed the tank top of the MacIntyre double 
bottom, and I am glad that Mr. Bartlett has mentioned this not uncommon example which may be still 
met with. 


It will be agreed generally that the prevention of concentration of stress is highly desirable in 
every part of a ship. Indifferent workmanship and various processes of construction are suspect on 
this account, and both Mr, Lyle and Mr, Jackson do well to draw attention to some examples, especially 
the fact of shear rag. I think the suggestion of Mr. Jackson to extend stiffeners about 4-inch 
beyond the toes of the boundary bars would prove effective. 


In view of the fact that tanker tonnage is rapidly increasing, I am glad that Mr. Lyle has 
commented on the cracks to be found in the main plating members of this type, and it is of special 
interest to note that local diminution of area by corrosion has been a feature of the fractures, 


That photomicrographs of damaged material very often fail to show any effect traceable to fatigue 
action, is mentioned by Mr. Hastie. This is not surprising. Fatigue effect becomes so acutely 
localised, and the evidence is so very small, that even apart from corrosion it is extremely difficult 
to detect. 


Mr. Ormiston, in the course of his observations, draws attention to the often quoted statement that 
there is a stress value below which mild steel can be subjected to almost innumerable repeated cycles 
without producing failure. On this point I would like to say how it is necessary to keep in mind that 
conditions at sea are entirely different from those under which this fact has been demonstrated. 
Fluctuating stresses and an accompanying corrosive action represent very different conditions, and 
must produce failure in time. The undeniable fact that local corrosion grooves are found after a few 
years where repeated stresses are concentrating, and yet show no signs of failure, is evidence of some 
importance. 


Mr. Bennett enquires the procedure which might be adopted to establish whether a fracture of a 
strength member of a ship is due to fatigue or not. To this 1 have to say that in all cases within my 
knowledge, test pieces from alongside the fractures have indicated normal material, the reason for this I 
believe to be as explained in my comments regarding photomicrographs. For ship parts I would say the 
clearest indication of fatigue action is the evidence of time as indicated by rust, especially at the starting 
point of fracture. In connexion with this question of tests, and with other points that have been raised, 
I think it of general interest to quote the following paragraph from the paper—* The failure of Steel 
Castings and Forgings through ‘Fatigue’”—given by R. A. MacGregor (Metallurgist, Darlington) in 
January, 1930, at the N.E.C. Inst. of Engineers and Shipbuilders. 


“When a structure has failed owing to fatigue, there is no test known which will demonstrate 
the presence of fatigue in the material adjacent to the crack. There may be simultaneous growth 
of other fatigue cracks in the immediate neighbourhood but in spite of that the unbroken metal 
close to the cracks will, with one probable exception, still respond to all the original tests and 
will not show any new condition due to the presence of the fatigue crack. The exception to which 
I refer is the case of a structure being severely strained by one heavy blow prior to the 
commencement of the crack. As I have already stated, one peculiarity of a failure from fatigue 
is that the contours of the part is not distorted by the crack ; also, that overstressing does not 
produce crystal growth. In actual cases of failure in service from fatigue, the only portion of the 
structure to be effected at all are the individual crystals lying in the path of the fatigue crack 
and there is no test that one can apply even to them, to demonstrate how they failed.” 


STEAM PIPES IN MARINE PRACTICE 


ReaD 15TH JANUARY, 19380. 


In many branches of engineering, progress has been retarded through the limit having been reached 
in some qualification of the materials employed. ‘The discovery of a new alloy or process of treatment 
results in a closing up of the ranks until fresh problems arise for the metallurgist, and while there is no 
reason to doubt that improved steels and processes of manufacture will keep pace with the demands made 
upon modern high pressure and high temperature steam pipes, it is essential that we should aim at the 
best application of the materials now available, and the object of this paper is to set forth some of the 
simple expedients which are resorted to in order to achieve this. 


Coprer Steam Pires. Copper steam pipes are still popular with some shipowners; they are 
eminently suitable for saturated steam in small vessels, but have the disadvantage of becoming 
exceedingly hard in service, when the bends provided for flexibility cease to function and the movement 
resulting from expansion and vibration is concentrated at the location of the greatest bending moment, 
viz., at the flanges at the points of fixture, and frequent annealing must be resorted to in order to prevent 
the trouble known as “ cracking at the neck.” 


Copper steam pipes are usually specified to be annealed before delivery from the manufacturers. 
Pipes so annealed are not particularly soft; they are intentionally sent in a semi-hard condition to 
minimise damage in transit, but they are more uniformly annealed than can usually be done over an 
ordinary coppersmith’s fire. If the pipes are bent it is the general practice to anneal them afterwards in 
way of the workmanship only, which leaves the finished article with many variations of softness, and it 
would be better in these cases were they fired throughout their length. Apart from their use for bend 
tests, cropped ends of copper pipes should be examined for uniformity of thickness. Want in this respect 
is seldom met with, but its very rarity lessens the chance of detection. 


Overheating while brazing, prolonged brazing operations, and the use of solder containing tin, all 
cause a washing away of the copper and provide an inherent defect in the pipe, which may sooner or later 
cause the pipe to “crack at the neck” of the flange. The cracking of flanges so frequently experienced 
at the periodical annealings may be due to overheating at some time, but is generally the result of a poor 
mixture. Ninety per cent. copper and ten per cent. zinc gives a ruddy alloy, and a flange made of this 
material will last the lifetime of any copper pipe. Eighty per cent. copper and twenty per cent. zinc is the 
usual mixture, and a fortunate circumstance that retards the use of poorer ones is the high degree of skill 
necessary to braze flanges made of them without losing the flanges in the fire, their melting point coming 
close to that of the solder. 


TRon aND STEEL STEAM Pipes. Pipes specified, ordered and invoiced as iron, are generally made of 
steel. Real iron pipes are obtainable, but they are so seldom made now that some manufacturers regard 
them as freaks. Formerly iron pipes were preferred because of the superior welding qualities of that 
material, but the processes of manufacture have so improved that it is now exeedingly rare for a defective 
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weld in a steel pipe to occur. Moreover, the solid drawn steel pipe is less prone to eccentricity of bore 
than used to be the case, though the hot drawn variety has occasional lapses in that direction and should 
always be examined for want of concentricity. 


Manufacturers of lapwelded steel steam pipes claim a “ tolerance” of ten per cent. variation, + or —, 
in the thickness of their products, and it is unlikely that anything in excess of this is ever met with 
in lapwelded pipes. If this allowance has been taken into consideration in determining the Rule thickness 
of the pipe the variation is unimportant, provided that the pipe be good in other respects, but in conjunction 
with “liquor marks” it should not be overlooked. ‘“ Liquor marks” take the form of a series of streaks, 
generally from 2 to 3 ins. long, about 4°; in. wide, and may be »)5 in. deep, they occur on the outside 
of the pipe only, they may be few in number or, on the other hand, be repeated along the entire length of 
the pipe perhaps 1} inches apart. The marks each run roughly circumferentially, and the series is in one or 
more straight lines along the pipe. From their appearance it is obvious that the material has washed away, 
and they are in fact caused by slag at the bottom of the furnace. Liquor marks are unsightly though 
generally unimportant, but should they be of appreciable depth the thickness of the pipe should be 
definitely ascertained in way of them. 


Pipe Benpinc. Hor MeEtuop. The pipes are filled with sand, heated to redness at the parts to be bent, 
and pulled round formers on a block in the same way that ships’ frames are turned. If necessary, water 
is played on the pipes near the part to be bent to localise the deflection. The pipes are afterwards annealed. 


Should the bending operation be so prolonged that it is still in progress when the pipes have cooled 
down to a black heat, they are very liable to crack. 


Steel pipes which have been overheated or exposed to the action of an oxidising flame in preparation 
for bending have a blistered and pitted appearance, except from a spectacular point of view the pipe is not 
necessarily spoiled, the damage in most cases being superficial only, but the condition is conductive to the 
formation of hair cracks, which should be sought for on the outside surface of the bend. 


Cotp Process. In the cold process of bending steel pipes, a short and slightly curved mandrel is 
held inside the pipe by a fixed bar which passes out at the end of the pipe remote from that which is to be 
bent, a guide or bearing envelops the pipe at the position of the mandrel and the pipe projecting beyond 
the mandrel is gripped by a radial arm of variable length. The bending is effected by the pipe being 
thrust foward by a hydraulic ram, and through the guide where the projecting portion of the pipe is 
constrained to move in the path taken by the radial arm. ‘Throughout the process the anchored 
mandrel remains in the pipe in its original position, i.e., inside the guide. Bending is rapidly and 
accurately accomplished by this process, and, as there is no heating, annealing is not demanded, but there 
is no question as to its desirability, and some of the best manufacturers anneal cold bend pipes. 


As during the process the mandrel and its anchor rod is always in the remaining straight portion of 
the pipe, it is obvious that the whole of the bending must be accomplished from a straight end. It 
will also be apparent that any subsequent re-bending by this method must necessarily be confined to the 
ends of the pipe. 


Frances. Of the various means of securing flanges to steel steam pipes screwing is now the most 
generally adopted, and if this method is properly employed it has no disadvantage. Unfortunately, 
workmanship in this process is by no means uniformly good, but, as the factor of quality of workmanship 
applies equally to all ways of securing flanges, this particular objection cancels out. 


THE RIVETED FLANGE, except in heavy pipes, is still in process of gracefully retiring from the field, 
and when it finally disappears it will leave no regret unless it be that it was ever done. The variety is 
seen at its best when applied to large and heavy pipes, and the reverse is equally true in regard to the 
small and light ones. It is claimed that, however indifferent the workmanship, a steam pipe can never 
blow out of a flange to which it is riveted, but the writer has seen pipes secured in this manner which were 
cracked circumferentially through so many of the rivet holes that it was remarkable that they stayed in. 
In small and light pipes the rivets were often leaky—from the date of the hydraulic test. onwards—and 
they could not be effectively caulked. Moreover, the protruding heads inside constituted a considerable 
diminution in the area of the bore. 
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THE| SERRATED FLANGE used on the Continent, and to a lesser extent in this country, has tio, 
three, or four circumferential serrations cut inside and is slightly bevelled or countersunk at the front end. 
The pipe is rolled into the serrations during the expanding process and the end hammered into the bevel. 

This method properly carried out has no actual defect and has the advantage that the pipe 
remains at its full thickness at the back of the flange, but it shares with the welded flange that uncertainty 
of soundness which can only be dispelled by sawing it in two. (See Fig. 3.) 


THE WELDED FLanGE. The practice of welding the pipe and flange together by fire never became 
popular and now appears to be extinct. The process consisted of heating the flange and a previously 
contracted end of the pipe to welding heat, inserting the pipe in the flange and completing the weld with an 
L shaped hammer. The result was of good appearance but not conspicuously reliable. More recently 
flanges have been successfully welded electrically, the welding being dicta from both front and back of 
the flange and almost meeting, but the factor which militates against its more general adoption is the 
very high percentage of human element involved. 

A variety of electrically welded flange which is now being used is a compromise between a screwed 
flange and a welded one. A screwed flange is bellmouthed at its front end for about half an inch in 
depth, the flange is then screwed on the pipe in the ordinary way, with the screwed portion of the pipe 
projecting through the bellmouth and flush with the face of the flange. The resulting channel is 
afterwards filled up by are welding and the face dressed true. 

The adoption of this method obviously betrays a want of faith in both processes employed and is an 
attempt to pool their virtues lest either should be found wanting. However, the method can produce an 
excellent job, though it seems a pity to sacrifice half an inch of good sound screw thread for a corresponding 
depth of electric welding which might possibly be of an inferior nature. 


THE SCREWED ON FLANGE is the one most used in marine steam pipe practice to-day. It has been 
well tried for about thirty years and has proved its reliability. Disastrous failure so far as the writer 
has been able to trace has never occurred, and the only complaint ever heard about it was that the processes 
involved are slow. 

When pipe flanges are to be screwed on, both the pipe and the flanges should be screwed with a 
vanishing thread. When this is properly done the pipe is at its full original thickness where it leaves 
the thread at the back of the flange, but if the thread ends abruptly and/or if it projects beyond the flange 
the pipe is thereby “nicked” in the worst possible position, i.e., at the position of its maximum bending 
moment, and the pipe, so far as failure from fatigue due to vibration or to repeated flexion is concerned, 
would be more immune were it reduced in thickness by an amount equal to the depth of the thread 
throughout its entire length. 

It is necessary that the plumber should appreciate the difference between a vanishing thread and a 
thread which is merely hidden in a bellmouthed collar on the back of a flange. The formation of a correct 
vanishing thread is obtained by drawing a line from the root of one thread to the top of the sixth thread 
from it. See Fig. 1. This can be produced in the flange by bevelling the bore at such an angle that, when 
the whole of the first thread is just removed at the back of the flange, the tool will just leave the apex of 
the thread six pitches inside the flange. 

The dies for screwing pipes should be ground away to the same amount, to the sixth thread, to 
produce a similar thread on the pipe. Screwed in this manner the vanishing portions of the threads on 
the pipe and in the flange will engage all the way as snugly as does the full thread, and the pipe will be 
supported up to its full thickness at the break of the flange. 

Now the observance of this well-known and most excellent procedure would ap to be simple 
enough but, to put the actual facts very delicately, the “ concealed ” thread, i.e., a eats a pipe ending 
abruptly and hidden in a bellmouth—with no thread, in the back of a flange—is not uncommon, as the 
examination of the dies used in many otherwise well appointed plumbers’ shops will prove, these having 
only suacient bevel to enable them to start cutting, and only capable of producing a thread having an 
abrupt finish. 

The comparative immunity from failure which has been enjoyed, in spite of the concealed thread, is 
no argument for its continuation, and is attributable to a high factor of safety and comparatively gentle 
conditions of service, but, with the flexions to which long pipe lines at high temperatures may be subjected 
in modern installations, the liability to fracture from fatigue is increased, and in these cases strict adherence 
to the true vanishing thread form is essential. 
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Before leaving the subject of screwing it might be well to mention two varieties of eccentric screwing 
which are met with in other than the best practice, viz :— 

1. The ends of the pipe may not be true outside, resulting in an excessive amount of metal 
being cut away at the major diameter, usually on one side of the pipe only. If this is concealed 
in a bellmouthed flange and caulked at the back it may not be detected in the finished state. If 
it is not concealed it looks like Fig. 4. The remedy, or rather the prevention, is obviously to try 
the pipe ends for truth and to correct any want in thati respect before commencing to screw the pipe. 

2. Should a bend be too near an end of a pipe it is almost impossible to cut a fair thread on 
it in a screwing machine. The grips are only suitable for holding straight portions of a pipe, and 
unless the bend is entirely clear of the grips the pipe is thrown out of truth and a screwed end, 
inclined to the internal axis of the pipe, is the result, with consequent serious diminution of 
thickness at diagonally opposite parts. An expedient sometimes resorted to in such cases is to heat 
and hammer dress the pipe, so that just the actual portion to be screwed comes accurately 
into the dies, but it produces a most unsightly effect. The right procedure is an appreciation of 
the difficulty at the corona stage, and an adequate allowance of straight pipe between bends and 
flanges. 

The pipe and flange having each been screwed with a complementary vanishing thread, the flange 
should be screwed well home and the pipe expanded with rollers having a length equal to the depth of 
the flange at least. There is no necessity for subsequent caulking at the back of the flange. Caulking is 
an expedient which is resorted to when there exists a well founded doubt as to the fit of the thread and 
the efficiency of the expanding. It is not unusual in good practice to lightly caulk the back of the flange 
with a wide tool, to close in any irregularity of opening due to variation in the external surface of the 
pipes. This is done for appearance only, there is no apparent indentation of the flange, it is obviously too 
light to effect watertightness or steamtightness, and is of no consequence. Caulking, except in the 
ornamental form of staving referred to, may be taken as a reliable proof of indifferent workmanship and 
should never be permitted in steam pipe work. 


Testinc. In order that the hydraulic test may be effective in proving the tightness or otherwise of 
the connection between a pipe and its flanges, the jointing material used during the test should not cover 
the pipe proper, this is, the hole in the material between the flanges, or at blank flanges, should be greater 
than the outside diameter of the pipe. 


Jointing MaTERIaL. ‘“ The Taylors ring,” a thin corrugated brass joint with a coating of red lead 
putty, was for a long time used for main steam pipe jointing. Unfortunately, it lacked the flexibility which, 
from its appearance before being screwed up, would appear to have been the object of the corrugations. — Its 
popularity was due to its immunity from a defect to which all other jointing materials used to be subject— 
that of blowing out. Joints made with the “Taylors ring” generally had a good long life, but, on account 
of their lack of flexibility, became leaky in the course of time and had to be remade. 

The several good brands of compressed asbestos jointing now in use, such as “ Klingerite,” “ Tauril,” 
“ Allanite,” “Golden Walkerite” and others, retain sufficient flexibility when bolted up to meet the 
demands made upon them. Given good heavy faced flanges, the failure of a joint made with this class 
of material is exceedingly rare, but it should, however, be added that given good heavy faced flanges, the 
nature of the jointing material is relatively unimportant, and, in the best practice, is dispensed with 
altogether. 


Merat to Mera Joints. There are a number of variations of this type of joint, viz., (1) Where 
the entire face of each flange is scraped to a plain surface; (2) where the face of each flange is scraped 
to a plain surface inside the bolt hole circle only, the remainder of each flange face being machined 
+p0 in. clear, thus giving a combined clearance of +;;4;9 in. before bolting; (3) where the entire face of 
one flange is machined to a plain surface and the opposing flange face is serrated circumferentially inside the 
bolt hole circle, the section of the serrations being similar to that of a screw thread, the remainder of the 
face is machined clear of the apices of the serrations by +}$» in. 

Any joints of this description can be made and remade and forgotten, they are all good, and their 
individual selection is only a matter of taste. 

A cheaper variety of type 3 is where both flange faces are machined to a good surface, and a steel 
ring serrated on both sides is introduced between them inside the bolt circle. 
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Desien. Apart from the dimensions and suitable placing of the various valves and fittings as each 
individual case demands, the design of a steam pipe line resolves itself into provision for (1) expansion, 
(2) draining, and (3) minimising the risk of water hammer, which last does not necessarily come under 
the heading of draining alone, but includes the suitable placing of valves and fittings. 

Copper pipes, due to their flexibility, have rendered long service with often only a meagre provision 
for expansion compared with that required for a steel pipe, although its coefficient of expansion is one and 
a half times that of steel. It is true that in the process of flexing they harden but, thanks to periodical 
annealing, failure from fatigue has been gratifyingly rare. In the case of iron and steel pipes, however, 
adequate provision is imperative in order to protect the fittings to which they are connected, the pipes 
themselves being of immense strength whilst the fittings, in most cases being rigid, occupy the position of 
the fixed end of a cantilever. 

If the fittings at the ends of the pipes receive the attention which is their due by minimising the 
stress thrown upon them, the problems of the steam pipe line itself may be confidently trusted to look 
after themselves. 


Expansion JoInTs. Telescopic expansion joints have had a long and chequered career, they have 
been and still are popular numerically speaking, but they are generally regarded as a necessary evil. It 
is, however, only fair to say that of its many faults only a few are inherent whilst the greater number are 
thrust upon them by inexpert design and defective fitting. 

It is true that the telescopic expansion joint is wont to cease functioning on account of the packing 
becoming hard, but this condition is often accelerated by excessive tightening of the gland—and this 
because the joint is so placed that uncaleulated sources of expansion throw the component parts of the 
fitting out of line, and thus cause it to leak. Such an instance may occur due to the rising of the boiler 
top when steam is up; this together with the rise of the fittings and pipes usually amounts to half an inch, 
from which it will be readily appreciated that an expansion joint could be so placed that its alignment 
would be seriously effected. 

There is one hard and fast rule for the employment of telescopic expansion joints—they are only 
permissible in straight pipe lines between Lt ends, and the terminal fittings must be adequately 
buttressed. Having seen a number of transgressions from this rule and some of the consequences, the 
writer makes no apology for the inclusion of this very obvious maxim. 


Expansion Bends. A good deal of misapprehension exists regarding the efficacy of bends as provision 
for expansion. That the best results are obtainable by their use is beyond question, but only because an 
angle of 90° or 180° has been passed through, the efficiency of the arrangement from an expansion point 
of view being entirely independent of the radius of the bend or bends, thus a “nice easy bend” or a 
“lovely lyre,” while they may incidentally be effective, are mere ornamentation so far as their graceful 
forms are concerned. 

The whole object of the expansion bend should be to get the pipe line as remote as possible from a 
line joining the rigid fittings to which they are secured, the greater the area thus enclosed the more 
efficient the arrangement. ‘This is shewn diagramatically in Fig. 2 where A A represents the fixed ends of 
a steam pipe line and B B, at a larger scale, the calculated length that the pire would assume when under 
steam. If bends are introduced, and the pipe line be carried along at C CO, the legs AC, AC would be 
deflected to the positions AD, AD when the pipe was hot. If, however, the pipe line is made more 
remote from A A, say at EE, the legs A E, A E would be deflected to the positions A F, A F when under 
steam, and the angles at A A become relatively insignificant. 

A steel pipe lengthens -0164 inch per foot of its length for every 180° F. rise of temperature, 
i.e., a steel pipe, forty feet long, will Pn tte one inch when its temperature is increased by 300° F., or 2 
ins. when increased by 600° F. 

It might be of interest to observe here that a lapwelded steel pipe of 44 ins. outside diameter and 
} in. in thickness requires a thrust of 160 Ibs. to deflect it half an inch; a similar pipe of 5 ins. diameter, 
225 lbs, a 6 ins. x 4%; in. pipe 420 Ibs. and an 8} ins. pipe, } in. thick, 670 lbs. 

A system of provision for expansion of steam pipes which is gaining favour is the use of the “ Aiton” 
bend. This bend has a series of circumferential corrugations, similar to those on a Purves furnace except 
that they are not thickened ; the corrugations are about 2} ins. pitch, varying with the diameter of the pipe 
(See Fig. 5). A bend of larger bore than the pipe line is employed to compensate for the friction caused 
by the corrugations. It is claimed that these bends are five times as flexible as the plain pipe and while, 
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to take full advantage of this quality, in point of movement, would most probably involve risk of failure 
from fatigue, with their employment under normal conditions of movement, the maximum advantage is 
still available in point of reduced stress referred to the rigid ends of the pipe line, and no better provision 
for expansion of steam pipes could be made than by combining the use of the Aiton bend with the 
principle demonstrated in Fig. 2. 

A useful application of the “ greatest enclosed area” principle is in minimising the effects of vibration 
in a short pipe, which, whilst hardly effected by expansion, is liable to failure by reason of its stiffness. An 
example is the main steam pipe of a small vessel having the boiler close to the engines, the vibration 
transmitted from the engines sometimes causing the steam pipe to “‘ crack at the neck.” Here the flexing 
of the pipe at the fixed ends decreases as the top of the bend is made more remote from them; Fig. 6. 


Draininc. Cocks (or valves) for draining should be provided at all steam stop valves and 
strainers at the lowest part of any trap which might unavoidably occur in the pipe line under any 
conditions of trim. 


Water Hammer. The correct use of drain cocks will prevent the possibility of water hammer at the 
actual time of opening stop valves and getting the system under steam, but it should be thoroughly 
appreciated that a drain cock or any number of them will not even tend to diminish the probability of disaster 
from this cause when the conditions obtaining are such that water may re-accumulate in a pipe under steam, 
for the very obvious reason that the drain cocks will all then be shut. These conditions occur when a 
dead end exists in a live steam range, as, for example, when one or more boilers are shut down and others 
connected to the same range are working. In such cases immunity from accident can only be obtained 
by the fitting and use of stop valves at the junctions of the pipes from each individual boiler—when such 
circumstances are likely to be frequent—and the fitting of blank flanges at these points when the case is 
exceptional or one of emergency. 


Fittinc. One of the wisest suggestions for the fitting of steam pipes is contained in the Rules of 
Lloyd’s Register, 7.¢., “‘ When the provision for expansion is by means of bends in the pipes, it is 
recommended that the various lengths of pipes should be made short of the designed lengths by amounts 
equal to half the calculated expansion at the temperature of the steam,” and it is to be regretted that such 
an obvious precaution is not more generally adopted, resulting, as it does, in a no-stress condition of the 
whole pipe line when heated to half its normal increase of temperature from cold. 


Hancers. The suitable placing of hangers, and the correct adjustment of them, is a process which 
demands considerable skill if they are to provide even a moderate benefit to the steam pipe line. An 
improperly placed or badly adjusted hanger will impose additional stress on the pipe line, and its entire 
omission would be preferable. The commonest fault in the fixing of hangers is due to a lack of 
appreciation of the fact that boiler tops are higher under steam than when cold, and that the pipes connected 
to their stop valves are very naturally constrained to move with them. In many cases this movement is 
restricted or entirely prevented at the positions of the hangers, thus throwing a gratuitous stress upon the 
stop valves. An examination of hangers when the pipes are under steam, so fitted that they are free to 
rise (as in the case of a rod passed through a hole in a beam and nutted on the top side only), will in many 
instances shew that they have lifted, they are obviously providing no support for the pipes and are of no 
value as hangers. Moreover, their presence leaves one in doubt as to the + or — condition in that 
respect, of any adjacent hangers which may not be free to rise. It is true that in some cases the best 

sition for the support of a pipe which is wont to vibrate can only be found by experiment and, 

incidentally, when it is located, the necessary amount of deterring influence will generally be found to be 
very slight. The functions of steam pipe hangers in order of importance are :— 

1. To relieve the valves and branch pieces of any static stress which might otherwise be 

imposed upon them. 

2. To minimise vibration, and 

3. To prevent sagging. 
They have no ornamental value and should not be regarded as clips, as for an electric cable. 

It is desirable that a steam pipe hanger should not restrict the natural movement of the pipe, actually 
the attainment of this ideal is not always possible, but the aim should be to approximate it as nearly as 
practicable. The most adaptable variety of hanger in this respect is the one where a rod attached to the 
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pipe by a bolted strap passes up through a clearing hole in a bracket or plate, where it is fitted with a relief 
valve spring, a washer and one pair of locked nuts, Fig, 7. This hanger can be adjusted to support the 
ipe when the system is under steam and no untoward stress is thrown on the pipes or fittings ieee cold. 
ts one objection is the price of the spring, but the amount involved is a very modest insurance premium 
and only one payment is necessary. 


In Service. It is an article in the seagoing engineer’s creed to ‘ease the stop valves just off the 
faces,” to gradually warm up the pipes and blow out the water before opening the valves “full up.” This 
recaution may be reliably depended upon to be observed in the overwhelming majority of cases —but it 
is not always sufficient. It should be borne in mind that the various castings require gradual heating as 
well as the pipe—a much slower process. 

Unheatel projections of a casting, the main body of which undergoes a quick rise in temperature, are 
subject to great stress at such times, and repetition ultimately results in failure from fatigue at these parts. 
Cracking of flanges from the bolt holes outwards and the rupture of webs on stop valves, breeches pieces 
and strainers are examples of the casualties attributable to rapid heating. Apropos of webs on steam 
castings, it might be well to mention that the apparently innocent practice of putting lagging screws into 
the edges of webs on stop and throttle valves and main steam branch pieces and the like is conducive to 
the rupture of such webs while under the stressed conditions alluded to in the proceeding paragraph, and 
many otherwise excellent castings have had to be replaced after only a few years service on account of 
cracks starting from lagging screw holes. 

This paper is submitted in the hope that the points raised may form the subject of useful criticism, 
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DISCUSSION ON Mr. L. C. DAVIS’ PAPER 


ON 


“STEAM PIPES IN MARINE PRACTICE.” 


Mr. D. L. H. Connrson. 


The author, on page 5, informs us that the efficiency of an arrangement of expansion bends is 
entirely independent of the radii of the bends and that the “nice easy bend” or “lovely lyre” is mere 
ornamentation so far as its graceful form is concerned. He then proceeds to show by means of the 
diagram in Fig. 2 how the effect of expansion can be reduced by carrying the pipe line as far as possible 
from the line joining the fixed positions. 

Whilst agreeing with him on the latter point I cannot reconcile myself to the first statement. 

It is well known that where a change of section occurs, or where any form of “hinge” action 
apertains, such as the junction of the coupling flanges to a shaft, the bottle neck of a furnace, or the 
flanging of the boiler front end plate at the furnace mouth, a concentration of stresses will take place 
and it is good practice to make the radii at these points as large as possible in order to minimise this 
concentration. 

It seems to me that the same principle should apply to expansion bends. If the bends at E in 
Fig. 2 are small, then there is a greater risk of failure due to fatigue than if “nice easy bends” 
were fitted. 

In conclusion, I wish to compliment the author on his instructive and practical paper. 


Mr. A. W. B. Epwarps. 


Mr. Davis, in this interesting paper, mentions the problems arising from the modern tendency 
towards higher steam pressures and temperatures, and one regrets that he has not given us as much 
information on this point as he has done so well for the ordinary type of steam pipe installation. 

Quite a number of vessels have been built on the Clyde, and are now running, with steam pressures 
of 400 lbs. per sq. in. and upwards and temperatures up to 750° F., and it would be interesting to know 
how these installations, some of which have no expansion glands, but only “ Aiton” sections, are standing 
up to service conditions. 

Following land practice, the tendency is towards still higher temperatures, and as the steel 
usually employed has a rather low elastic limit and limiting creep stress value at 800°-900° F., 
perhaps Mr. Davis would say whether he favours the use of higher tensile steel for such cases. Such 
material, with welded joints, is already being used on the Continent for conditions as severe as 1700 lbs. 
per 7 in. pressure and 930° F. temperature. 

Vith reference to the type of metal to metal joint, with a loose steel serrated ring, will he say 
whether the flange faces become damaged and need refacing each time the joint is broken ? 


Dr. J. 8. Brown. 


This paper provides a compact view of the more practical aspects of steam pipe construction and 
fitting, and I, for one, regret that the author did not allow himself to extend it to include the stop 
valves on these pipes. It is true that the stop valve is referred to in the final section of the paper, but 
this reference is only on a point of detail; and under modern conditions the stop valve merits close 
attention on many points in its design. There is the case of the trial trip which had to be abandoned 
because the two boiler stop valves could not be “eased off their faces.” Again, it is now being 
appreciated that the stop valve spindle made from rolled naval brass is not ideal at the higher pressures, 
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even in the absence of superheat. Here it has been shown that the rolled naval brass, of 30 tons per 
sq. in. quality, deteriorates in strength at quite moderate temperatures, thus at the temperature of steam 
at 220 lbs. per sq. in. the strength has fallen to half of the original value. 

On the subject of the screwed flange, and of its tapered screw thread, there is scope for a com- 
ae with the practice in America, where the requirements appear to be more definitely standardised. 

he American war vessels which accompanied the Grand Fleet made use of screwed pipe fittings for oil- 
fuel and auxiliary steam connections, where the pressures and general working conditions were such as 
to make any corresponding use of the British type of fitting quite unlikely to be satisfactory. 

The use of a jointing material between the flanges is a practical necessity in all but the highest class 
of work, but it is recognised that the material should be as thin as possible. Any increase in the 
thickness not only augments the likelihood of the joint blowing out, but also its elasticity leads to the 
flanges being less evenly supported, and may result in the flanges bending or cupping. The author 
mentions that the higher pressures have led to the use of serrated steel rings inside of the bolt circle. 
Such. rings have been adopted at Dalmarnock Power Station, Glasgow, where the flanges are to B.E.8.A. 
dimensions, but the effect of the absence of support outside of the narrow joint ring has led to the 
flanges cupping, as referred to above. Thus it may become necessary to adopt a specially heavy flange 
with this type of joint. 

The paper does not mention that the telescopic expansion joint requires special consideration where 
superheated steam is being carried, the reason being that the asbestos type of packing becomes unsuitable. 
Indeed, the position becomes so difficult that there are cases where U.S.A. packing has been adopted, as 
in a piston rod. Such fittings become very bulky and still more costly, but in service the results have 
not been altogether satisfactory and further developments in that particular direction are unlikely. In 
these circumstances it appears fortunate that the “ Aiton” bend has become available. 


Mr. 8. F. Dorey. 


This paper contains some useful general information regarding steam pipes. In regard to high 
pressures and temperatures the author has very little to say and, while in his opening paragraph he 
refers to the “best application of the materials now available,” he only deals with copper pipes and 
ordinary iron (probably steel) and steel pipes, without stating their qualities. 

The tendency for increased pressures and temperatures demands more attention to detail and 
definite grades of materials for pipes, flanges and bolts to suit their service requirements. 

Under the section devoted to flanges the author favours the serewed-on flange, and for most purposes 
this is the best. His remarks on the serrated flange are illuminating, since the only way we can assure 
ourselves that a flange secured by this method is satisfactory is “to saw it in two.” The author does 
not state whether as a result of this “test” it is condemned or welded together again! At any rate 
this type of securing flanges is not considered satisfactory for high pressures and temperatures, as the 
material is severely crushed in way of the serrations. 

A type of flange not mentioned in the paper, but which is particularly useful for high pressure 
work, is the ‘‘Foster-Vanstone” pipe joiat. In this type of joint the flange is an integral part of the 
pipe and the joint is secured by means of loose flanges slipped on to the pipes before the flanging 
process. ‘The method of construction consists of flanging back the ends of the steam pipes by means of 
a special rotary forging process which ensures a square inner or heel, and a flange having at least the 
same thickness as the pipe. The flanging operation for a 6 in. pipe is performed in under a minute, the 
total operation, from time of withdrawal of pipe from heating furnace to lifting out of flanging machine, 
being about two minutes. For high temperature installations a seal weld, by means of an oxy-acetylene 
torch, is applied at the edge of the lap. This is done after the pipe is in position, not more than two 
bolts being removed at the same time for the welding operation. 

The “Aiton” bend has come much to the fore with high pressure work and should prove useful in 
service. Its extreme flexibility may, however, not be an altogether desirable feature, as failure due to 
fatigue caused by vibration may ensue. ‘The corrugations naturally collect water, but the amount will 
only be small in quantity and the corrugations will give a cascade effect and prevent water hammer. 
Considerable additional resistance to the passage of steam will be caused by the corrugations, which, as 
the author states, is compensated by allowing a slightly increased bore. With the “ Foster- 
Vanstone ” joint there are no discontinuities in the bore of the pipes. 
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Mr. Davis has drawn attention to the thrusts to deflect pipes which may easily be caused by un- 
relieved expansion. Very large stresses may be set up in this manner, particularly at bends of pipes, and 
some interesting and useful experiments have recently been carried out in America to show the high 
stresses seb up at bends. In allowing for expansion it appears that recent research has shown that 
the coefficient of expansion of steel is not constant for all temperatures. At 800° F, it is approximately 
20 per cent. greater than at 200° F. 


CORRESPONDENCE. 
Mr. A. CAMPBELL. 


Mr. Davis has contributed an excellent paper to the transactions of the Association ; it is full of 
practical suggestions and thereby its value is er acd. 

Steam pipes in marine practice have not, in the past, received the consideration which their 
importance warrants. One can look back on some installations which appeared to have been thrown on 
board without any thought having been given to the stresses caused by varying temperatures and by the 
chance of water accumulating in the pipes. 

Copper for pipes had many advantages over steel; it is easy to work and more accommodating in 
cramped positions but, as Mr. Davis points out, it becomes brittle by work and should be annealed 
periodically. Now that pressures, and consequently temperatures, are higher, the necessity of fitting steel 
steam pipes instead of copper pipes is apparent. Steel pipes are more rigid than copper pipes and this 
fact calls for a more critical supervision both in the design and the fitting of the pipes to ensure that the 
thrust or pull caused by expansion or contraction is minimised as much as possible, otherwise the cast 
iron or steel stop valve chests to which the pipes are attached may develop cracks at the necks and it is 
advisable that surveyors should carefully examine these mountings during the periodical surveys. 

The question of hangers for pipes seems at the first glance to be almost too simple to bother much 
about, but think of them and the part they have to play in the show and one must admit that they have 
not been sufficiently in the limelight. As Mr. Davis rightly points out, the position and adjustment of 
hangers are matters of great importance in a pipe system and hangers or other similar contrivances 
should have more consideration given to them to see that they function properly under different 
conditions of temperature, The spring hanger shown in Sketch 7 is an efficient and comparatively 
inexpensive arrangement, 

Steam pipes passing through screen bulkheads should be examined periodically to see that the 
bulkhead plate is not chafing the pipe, otherwise trouble may result. 


Mr. J. D. Boys. 


In addition to superior welding qualities, was it not the case that wrought iron steam pipes were 
preferred to those made of steel for the same reason that iron boiler tubes are still generally specified 
(although, like the steam pipes, perhaps not always supplied) in view of their greater resistance to 
corrosion and their consequent longer life ? 

I am in agreement with the author that pipes bent cold would benefit by subsequent annealing 
as the material 1s subjected to severe treatment when stressed beyond its elastic limit. 

Screwed steel flanges, even when made of material having a decidedly higher yield point than 
their pipes (to prevent the latter from being temporarily sprung instead of being permanently 
expanded) have proved inadequate in modern power station pipe lines as, once they start leaking 
with high pressure superheated steam, it is found impossible to get them tight. Regarding the com- 
bined screwed and electrically welded flanges described in the paper, I agree that it seems a pity to 
sacrifice 4 in. of good screw thread—unless the flanges have been made correspondingly deeper— 
as } in. or 4’, in. depth of weld is quite adequate for sealing the butt of flange and pipe from the 
cutting action of the high temperature steam. 

The author draws attention to the poor quality of brass flanges often fitted to copper pipes. 
The same remark applies to steel flanges, although perhaps in a lesser degree, as the factor of safety 
is higher, but these have been found, on being machined, to show cracks of considerable depth and 
other signs that the soundest of material had not been used for their manufacture. I thoroughly agree 


with the author that light fullering only should be applied to the back of screwed flanges to close any 
space left after the expanding process, 
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I consider that the author’s remark that ‘nice easy bends are mere ornamentation” requires some 
qualification. While it may hold good for the average moderate power steamer, it should be borne in 
mind that in high power turbine installations steam pipe diameters are small, the passage of the steam 
at high velocity depending on a pre-determined pressure drop, and it appears that sharp bends like 
protruding rivet heads should be avoided. A complete loop, where it can be fitted without intro- 
ripe a pocket is sometimes preferred to a “lyre” bend, as its functioning is not confined to one 
plane. 

I Md eer the author’s remarks regarding the movement of boiler top and fittings when steam is 
up. A ship recently undergoing survey at this port was found to have the copper main steam pipes 
from both boilers chafed through fully three-quarters of their thickness in way of the screen bulkhead. 
It afterwards transpired that a sister ship also had to have main steam pipes renewed, due to the same 
defect. In all likelihood this would not have been discovered in time to prevent a serious accident 
had not the pipes been dismantled and stripped for annealing and testing. 


Mr. H. L. Surnersr. 


The coming of Diesel engines has probably given the pipe-making industry a greater fillip than it 
has ever had; so much so, in fact, that divers plumbers, competent perhaps in the art of sanitary work, 
have been tempted into the making of steel pipes for air, steam and general purposes, and the author 
describes in his own lucid and readable manner, the pitfalls to which most of these gentry are liable. 
Unfortunately not all steam pipe makers realise the importance of good workmanship; extra care is not 
always given to the setting of the pipe in the screwing machine when perhaps the pipe ends with a sharp 
bend, which may cause it to lay off the centre and be screwed so that it is reduced in thickness on one 
side. Wavy inner radii of bends are not necessarily dangerous, and, as the plumber said, “look all right 
when lagged.” 

Regarding bosses for drain cocks, when these are welded in the pipe, the whole pipe should, in my 
opinion, be annealed whether the welding be electric or oxy-acetylene, and when annealing new steel 
pipes, it is preferable to do so before fitting flanges, as the pipe does not “come back” the amount it 
expands, thus altering the set if the flanges are on. 

The author skips slightly over the subject of brazing copper pipes. I should like to have his views 
on the use of blowpipe or coke fire, the fit of flanges on pipes before brazing, whether the spelter should 
Pi te oe flange or be built around it, what interval would he allow between annealing; he suggests 
“frequently.” 

The serrated flange properly fitted is, in my opinion, second to none. Special machines are 
obtainable for cutting the grooves in the flange and rolling the pipe into them, and with these appliances, 
much time is saved. I have seen them tested to enormous pressures without a single failure, sawn open, 
and found perfectly expanded, and suggest that, even if not considered reliable enough for steam, 
they are excellent for air. His “maximum enclosed area” appears to explode a number of favourite 
bend notions, and in connection with the remarks on “expansion,” I should have been glad if he had 
suggested that no cast iron valves be fitted to the extremities of steel pipes. 

Many thanks for an interesting paper on a somewhat neglected subject. 


Mr. J. D. McDonatp. 


Mr. Davis has presented a very interesting paper on a subject which, unfortunately, does not always 
receive the care and attention which it merits. A request is made at the end of the paper for useful 
criticism, and | think the best criticism I can make is that it has been written in such a comprehensive 
manner that there is very little room for comment, but the following additional points may be of 
interest. 

Regarding defects, apart from those pointed out in the paper, two defects sometimes seen in steel 
pipes are laminations in the material and a flattening of the pipe at the bends. 

Considering the strength of steel piping and the stresses which it can transmit to the stop-valves due 
to expansion and relative movements of hull and machinery, it would appear to be advisable to use cast 
steel instead of cast iron for the manufacture of those parts. The latter material would also better 
withstand the shock due to water hammer should it occur. 
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It is no uncommon sight to sce the flanges of a closing length of steam pipe inclined to each other 
and being pulled into alignment by the bolts. If the pipe is stiff and the stress due to expansion is 
additional to the stress caused by screwing up, the result may be disastrous to the branch of a cast iron 
stop-valve. 

Where there are several boilers the necessary flexibility should be obtained by putting the expansion 
bends on the small bore pipes and keeping the larger bore pipes straight as far as possible. While the 
“greatest enclosed area” principle has its points the ordinary expansion bend or “lovely lyre” is very 
flexible and has the further advantage that the thrust is to all intents and purposes normal to the faces 
of the flanges and therefore does not set up any bending stress at the neck of the pipe or valve. All dips 
and pockets should be avoided and draining arrangements could usually be much improved. In many 
cases it would be advantageous to fit automatic steam traps to take drains from pipes where water might 
lodge in certain circumstances. 

With regard to pipe hangers, I think the less they are used the better, and then only on long lengths 
of pipe which show a tendency to vibrate or would move during rolling. Any pipe hanger has a tendency 
to restrain the natural movement of the pipe due to expansion and if the hanger is fixed to a part of the 
hull as is usual, there is a danger of putting severe strains on the pipes and fittings due to the rising of 
the boiler tops when under steam, and to the relative movement of hull and engines which is sometimes 
appreciable. When supports for the pipes become necessary, I think it is better to fit them to the 
engines and boilers themselves as far as possible, and make them rather to control the movement of the 
pipes than to definitely fix them. 


Mr. J. HArsorrue. 


I have read the paper written by Mr. Davis with great interest. Mr. Davis is so thorough in 
everything he takes in hand that criticism is a difficult matter. Although he introduces a “ lovely lyre” 
into his paper, his statements are true facts, if such an illogical expression may be made. I would 
like Mr. Davis to give his opinion on annealing, as on several occasions I have found repairers passing 
steel pipes through a blacksmith’s fire like a copper pipe, and expecting good results. The late 
Dr. Stead stated in one instance that this action, together with water hammer, had caused the fracture 
of a main steam pipe. The Society’s Rules state that steel forgings should be annealed in a proper 
furnace. To refine the crystalline structure the temperature should be uniform, and must exceed the 
upper critical range, otherwise the material will be in a condition conducive to fracture by sudden 
shock like water hammer action. It is also desirable to test cast iron stop valves as they are really part 
of the steam-pipe ; nearly every firm does this. In the testing of cast iron T pieces, valves, &c., damage 
is often done by the surveyor hammering the casting. In fact, sections of material examined after 
hammering showed cracks within one-sixteenth of an inch of being through the casting. A sharp blow 
on the blank flange will give the shock of water hammer action, and not damage the material. 

I quite agree with Mr. Davis that riveted flanges are retiring from the field, and except in the 
construction of large pipes should not be considered. If the paper is closely followed regarding pro- 
vision for expansion, &c., there will be less trouble with necked and split pipes. 


REPLY BY THE AUTHOR. 


Mr. Edwards and Mr. Dorey call me to task for poverty of information in regard to steam pipes for 
high pressures and temperatures. In this respect, I consider that the subject should be mainly limited to 
the discussion of practice which includes the use of materials at present approved by the Rules of 
Lloyd’s Register, or to quote the paper—* the best application of the ‘ materials now available’ and the object 
of this paper is to set forth some of the simple expedients which are resorted to in order to achieve this.” 

Beyond the employment of high tensile steels, there is probably little scope for revolutionary practice 
and the more exacting demands must be met by more expert design and improved workmanship on 
conventional lines. 

If it be assumed that the ordinary practice in steam pipe work represents the best show that can be 
put up to meet high pressures and temperatures, the anxiety which engineers are feeling in the matter is 
fully justified, but the ordinary practice although nominally complying with rules and regulations and of 
good general appearance is frequently slipshod and lacking in many essential features which high 
efficiency demands and it is in the elimination of these many imperfections that improvement is to be 
sought to render the installation suitable for modern requirements. 
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There does not appear to be any necessity for the employment of steel for steam pipes other than 
the quality prescribed by the Rules, so far as limiting creep stress is concerned, when the temperature 
of the steam does not exceed 850° F. The stress due to internal pressure in a hot drawn pipe 10 in. 
diameter, at the thickness required by the Rules for 500 lbs. per sq. in., is 2 tons per sq. in., while 
ss i creep stress is about 5 tons per sq. in. for that material (24-28 tons tensile) at 
850° F. 

As, however, in this case the pipe would require to be 4°; in. thick, it might be expedient from 
the point of view of lightness and flexibility to employ an alloy steel containing 2 to 8 per cent. nickel. 
This steel would have a tensile range of 83 to 37 tons, with a corresponding elongation of 30 to 
25 per cent., and a limiting creep stress of about 9 tons per sq. in. at 850° F. 


In a similar case, but with a temperature of 1000° F., there would be no option. Twenty-four 
to twenty-eight tons steel is definitely unsuitable for a 10 in. pipe carrying steam of 500 lbs. pressure at 
that elevated temperature, since the limiting creep stress is then only 1°75 tons per sq. in., and even that 
of the 2 to 8 per cent. nickel alloy steel has fallen to 2°5 tons. 


Annealed nickel steel is tough and ductile. In addition to its superiority to mild carbon steel 
in ultimate stress, elongation and limiting creep stress, its disposition to fatigue is relatively low, the 


limit being + 15 tons per sq. in. for the quality referred to, whilst that for 24 to 28 ton carbon 
steel is + 11°5 tons per sq. in.. 


Happily, steam pipes generally are not subject to any appreciable degree of corrosion, but here 
again nickel steel is superior to carbon steel in its relative immunity in that respect. 

As the virtues of annealed nickel steel represent those qualities which are so desirable for 
steam pipes, it would appear that no more suitable material could be found for their manufacture 
when the conditions of service are outside the useful range of the steel hitherto employed. 

Steels having a high carbon content are unsuitable for steam pipes, the higher tensile limits 
being obtained at the expense of elongation and ductility. 

Mr. Collinson cites a range of examples where for varying reasons a large radius is superior to 
a small one. The benefit of the larger radius in all these cases is a truism which no engineer 
would attempt to challenge, resulting as it does in increased rigidity ‘where a change of section 
occurs, or where any form of hinge action operates,” but it would appear that the same reasoning 
could hardly be applied to an wnconstrained expansion bend in a steam pipe as there is no change 


of section and, if unconstrained, there is no concentrated hinge action since the straight lengths are at 
least as flexible as the bends. 


I quite agree that a bend of large radius is more flexible than one of a small radius—a greater 
area is enclosed—the total deflection is spread over a greater length of pipe, and is less per unit of 
length. It follows that a form that will occupy a still greater area, i.¢., a rectangle, modified with the 
smallest possible bends consistent with good practice in the bending process, will be still more flexible 
for the same reason. 

When a single bend of 90° occurs immediately adjacent to a stop-valve or other fixed position, 
hinge action is certainly present, but the concentration of stress is located at the flange of the 
fixed fitting rather than in the bend. Here a bend of large radius is obviously superior to that having 
a small one, but a still better arrangement would be a straight length of pipe adjacent to the fixed 
position and a small bend fitted remote from it. The arrangement is still defective, however, from an 
expansion point of view, as there remains a concentration of stress at the flange of the fixed fitting, 
and unless the bend can be dispensed with altogether in this position it mond be better to anchor 
it to relieve the fitting and stati expansion bends of 180° at some other part of the pipe line. 

Mr. Edwards enquires as to the behaviour of high pressure and high temperature steam pipes 
in service, and whether a loose steel serrated ring joint can be remade without refacing the flanges. 
The facts regarding these questions are closely associated, as the information obtained from personal 
visits to a number of high pressure installations shows that the only trouble which has been experienced 
in regard to steam pipes is failure of the joints. Whilst the number of these is very small, the type of 
joint which has been most prone to defect is that with the loose steel serrated ring. 

It is significant that most of the superheated steam pipe joints which have given trouble, 
irrespective of their type, have been at their attachments to valves or at other fixed positions. 
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Owing to the virtual impossibility of replacing the loose ring in its exact original position when 
remaking this joint, it is the practice to reface the flanges and, while it would probably be incorrect to 
say that the joint could not be remade otherwise, it is the general opinion that the omission of this 
precaution would involve the risk of failure. 

Dr. Brown also, mentions the serrated ring joint. Flanges of B.E.S.A. dimensions are evidently 
too light for this type, as in all cases of failure the flanges have been found ‘“‘ cupped” while in a large 
high pressure marine installation completed a year ago, in which the steam pipe joints were of the 
loose ring pattern, but with flanges of 10 per cent. thicker than the B.E.8.A. standard, no defects have 
been reported. 

In the case of the installation which Dr. Brown quoted, the serrated ring joints, as they became 
defective, have been replaced by Taylors rings made of monel metal, the rings being covered with 
graphite paste, and the joints so made have given no further trouble. 

Dr. Brown contributes some interesting information regarding steam fittings, including stop-valves. 
Mr. Sutherst and Mr. Macdonald also refer to stop-valves, and advocate steel as the most suitable 
material for their manufacture. I thoroughly agree on this point, and the consensus of opinion among 
engineers is to the same effect. The deterring influences are the extra time required for the delivery 
of steel castings, and the fact that cast iron has been successfully used for a long time. In support, 
however, of the more general use of cast steel, or welded mild steel, it will be appreciated that 
whereas, with copper steam pipes, cast iron stop valves are relatively robust ; with steel steam pipes 
cast iron stop valves are relatively fragile and would be the first members to fail in the event of untoward 
stresses occurring from whatever source. 

It would, of course, naturally follow that branch pieces in the pipe line and the engine stop 
valye or other fixed terminal fittings would also require to be made of steel. 

Dr. Brown mentions the unsuitability of brass for stop-valve spindles with high pressure steam, 
and in this connection it might be of interest to note that stainless steel is now being successfully 
employed for this purpose. 

Dr. Brown calls attention to the practice in regard to screw threads in America, “where the 
requirements appear to be more definitely standardised.” Considering the high value of the vanishing 
thread in first class marine work it is strange that there should be no attempt at a standard in this 
country, and that the B.E.S.A. with all its very commercial tables of proportions and minimum 
scantlings has apparently no higher ideal in regard to pipes than that associated with plumbing. 
Tt was on account of the total absence of any guidance on this point that the diagram Fig. 1 was 
submitted to the members of this Association. 

Fig. 8 shows the American standard taper thread to which Dr. Brown refers. 

Mr. Dorey has correctly interpreted my suggestion as to the only reliable method of proving 
the soundness of a flange connection to a pipe when the pipe has been rolled into serrations in the 
flange, i.e., “Sawing it in two.” I should most certainly not recommend that it be welded together 
afterwards. 

It is not suggested that a thoroughly sound job cannot be made with this type of flange. 
Actually there are many in successful use on high pressure oil pipes, but I have seen several flanges of 
this pattern taken from old steam pipes and “sawn in two,” and in some cases the amount of material 
rolled into the serrations was almost negligible, the “ peening” at the flange faces being the only substantial 
retention, from which it seems apparent that the human factor enters too largely into the process to 
permit of its use for main steam pipes. 

Mr. Dorey refers to the Van Stone pipe joint—made by The M.W. Kellog Company of New York, 
and also by their British contemporary, Foster Bros., Ld., of Wednesbury—in which flanges are reeled 
from the pipe ends and are kept in contact by bolted loose flanges. The “Sargol” joint by the same 
makers is similar in construction except that each reeled flange has a protruding lip at its edge. When 
the pipes are fitted in place the opposite lips are welded together. 

These joints are well adapted for long pipe lines using high pressure steam in land installations, 
I have examined these joints in a land installation where they are giving satisfaction. The type however is 
little used in this country but is gaining favour in the United States and Canada. The system has the 
disadvantage that no pipe can be removed without “sawing it in two” and as it thus sacrifices the 
portability so essential for examination, testing or repairs, it is not considered suitable for a ship’s main 
steam pipes and its adoption in marine practice should be regarded in the light of a last resource. 


8 


A flange just patented by Messrs. Stewart & Lloyds which combines the reeled pipe end principle 
with a full sized fixed flange is shown in Fig. 9. The reeled end is fire-welded into a recess in the face 
of the flange and the pipe is welded to the back of the flange by the oxy-acetylene or electric process. 
The bore of the flange is slightly tapered outwards towards the face. 

In regard to the “extreme flexibility of the ‘ Aiton’ bend” and its possible liability to failure due to 
fatigue on that account, I refer to the paper, at the top of page 6 which states that “ while to take full 
advantage of this quality (flexibility) in point of movement, would most probably involve risk of failure 
from fatigue, with their (Aiton bends) employment under normal conditions of movement, the maximum 
advantage is still available in point of reduced stress referred to the rigid ends of the pipe line.” 
I concur with Mr. Dorey in that vibration may occur and in such cases suitable hangers or supports should 
be arranged to minimise this tendency. The position of a hanger for this particular service is best 
obtained by experiment and, as pointed out in the paper, when found, the necessary amount of deterring 
influence will generally be found to be very slight. 

In the paragraph relating to the thrust necessary to deflect steel pipes of various diameters and 
thicknesses (page 5), the figures as given are true for comparison but it may be of interest to add that 
the thrust was exerted ten feet from the point of fixture in each case. 


Mr. Campbell urges the advisability of a careful examination at surveys for cracks in valve chests 
to which steam pipes are attached and it might further be impressed that the very difficulty of this 
examination increases its importance, involving, as it usually does, raking among the lagging and the dust 
in semi-darkness—in fact all the conditions that could be imagined to conceal a defect and render 
detection unlikely in its earliest stage are present. 

That a main steam pipe in a vessel which has been in commission should foul the plate edge where 
it passes through a screen bulkhead would seem unlikely but as Mr. Campbell suggests, this should not 
be taken for granted and there has, been more than one recent case of steam pipe repair because the screen 
bulkhead was caught in the act of damaging the steam pipe by “sawing it in two.” 


I believe that Mr. Boyle is correct in his suggestion that iron steam pipes were preferred to those 
made of steel on account of a theory that the former were less liable to corrosion but experience does not 
appear to have justified this view. Except in incorrigible cases of priming, internal corrosion of both 
iron and steel steam pipes is usually imperceptible, with nothing to choose between them and is probably 
accounted for by the fact that steam and distilled water are neither corrosives nor electrolytes and that 
air is almost entirely absent. 


I concur with Mr. Boyle’s remarks regarding the necessity of good quality steel for steam pipe 
flanges, those “ bought in” too often present an appearance which suggests that they have been stamped 
out of ill assorted scrap and the collars are sometimes too meagre in thickness to offer the requisite 
backing for the expanding process. It is not intended to present any sweeping statement in regard to 
the quality of ‘bought in” flanges and there would appear to be no reason why manufacturers should not 
produce flanges of consistent high quality, but it is nevertheless true that, for all round dependability 
covering material and scuntlings, there are no better flanges obtainable than those made by engineers for 
their own use. 

In reply to Mr. Sutherst’s enquiries relating to brazing copper pipes, the flanges should be bored to 
such a size as will permit them to be driven on the pipe with a mallet. The part of the back of the 
flange which is to receive the solder—a ring of about 7 in. wide, or the back of the collar if it be a collar 
flange—should either be machined or the sand removed by grinding or filing. |The back of the flange, 
or its collar, should be slightly bellmouthed either by machining, hammering or filing to a depth of 
about jin. After the flange has been driven on it should be covered with fireclay except where the solder 
is to flow and the bolt holes should be filled with clay if they are already drilled. 


Whether gas or coke or both be used for brazing, the heat should be applied under the flange, the 
melted solder will then run freely in the gutter round the pipe, into and slightly beyond the bellmouth— 
- generally to within } in. of the face. Except in cases of badly fitted flanges or gross overheating, the solder 
will not flow through to the face. Should this unfortunately commence, the whole of the solder will 
follow and the only method of procedure, short of knocking off the flange and starting afresh, is to 
continue brazing at a much lower temperature and plaster or “ build up” the solder on the back of the 
flange, ina plastic state. This operation is best characterised as a “ mess.” 
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While excellent brazing work can be done with a gas blowpipe used above the flange, the process 
is less reliable for large and heavy pipes than when the heat is applied below, as, due to the disposition 
of the heat, the solder is less likely to flow downwards to the requisite amount. The blowpipe is 
eminently suitable for small work, and has the advantage of rapidity in operation. 

Despite the ambiguity suggested by “frequently” in regard to the necessary re-annealing of copper 
steam pipes, this appears to be the only term having sufficient elasticity to suit all cases. 

Pipes subject to little hardening influence beyond alternate heating by steam and cooling off, would 
be quite safe if left unannealed for say eight or ten years, but as these happy conditions of service would 
be difficult to verify—and it may be depended upon that some of the neighbouring pipes would have led 
a much more strenuous life—it would seem that the most reliable and effective compromise would be 
attained by annealing all copper main steam pipes in marine work every four years, and that at the 
time when that operation and any repairs to the pipes would be least likely to cause delay, viz., 
at each Special Survey. 

I fully concur in Mr. Macdonald’s remarks in regard to steam pipe hangers. The worst combination 
of defects in fitting hangers is where the pipe is rigidly fixed to some part subject to movement relative 
to the pipe. 

Mr. Harbottle in his remarks on ‘“ Annealing” practice, draws attention to yet another instance 
of defective steam pipe work. This one is all the more pernicious in that it gives no outward and visible 
sign of the stressed and hardened condition of the maltreated material and does not detract from the 
general good appearance of the finished job. Unfortunately, this substitute for annealing is by no 
means confined to repairs or repairers, but is one of the many varieties of inexpert procedure associated 
with the miscellaneous steam pipe works referred to by Mr. Sutherst in his first paragraph. 

That the blacksmith’s fire process of “annealing” steel pipes is thoroughly bad, permits of no 
argument, and the process at the best can only result in a very crude form of normalising, an essentially 
different state, since normalising is effected by uniformly heating the entire sample and cooling it in air, 
and annealing is only accomplished by uniformly heating and subsequent gradual cooling in the 
furnace. 

It is the effects of the blacksmith’s fire that the rule relating to annealing is designed to neutralise, 
hence when the operation described by Mr. Harbottle is complete, the pipes are in the precise state to 
commence annealing. 

I concur with Mr. Harbottle’s view regarding the desirability of testing stop valves and all main 
steam branch pieces, and also in his condemnation of promiscuous hammering of these parts. The 
practice may be ornamental, but it certainly is not useful—I have seen it applied to crank webs, but with 
what object, apart from the ornamental I have never been able to fathom—on the other hand, the careful 
use of the hammer on copper and steel pipes is permissible, in the case of the copper, to determine its 
state of hardness, and with steel to detect laminations. For this purpose hammering should be light and 
systematic ; there is no virtue in belabouring the pipe, if a lamination exists near the surface, the pipe 
emits the characteristic “cracked” sound when struck immediately over it. If a lamination occurs well 
below the surface it will not be detected at all unless it shows at the end of the pipe. I think I might 
add, that having sounded several thousand steel pipes in the course of twenty years, I have only located 
two laminations by the process. 

A number of references have been made to the “ greatest enclosed area” principle of expansion 
bend versus the “nice easy bend” and the “lovely lyre.” 

Mr. Collinson defends the “ nice easy bend” from the point of view of fatigue. Mr. Boyle urges 
that its reference as “ mere ornamentation” requires some qualification. Mr. Macdonald is sceptical and 
defends the “lovely lyre,” while Mr. Sutherst has a subtle “tip and run” from the whole disgraceful 
proceeding. 

In defence I must first point out that paragraph 7, page 5, of this paper, contains a definite 
qualification in its criticism of ‘nice easy bends,” and reads—* the efficiency of the arrangement from 
an expansion point af view being entirely independent of the radius of the bend or bends, thus a ‘nice 
easy bend’ or a ‘lovely lyre’ while they may incidentally be effective are mere ornamentation so far 
as their graceful forms are concerned. 'There is no suggestion that a bend of large radius has not its uses 
nor that it does not offer less frictional resistance to steam than a smaller one, but if bends are introduced 
solely for flexibility, then they are more effective in that respect when small, provided that the same 
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distance be traversed from the pipe line, by making up with straight lengths between the bends because, 
(1) a straight pipe, when subjected to side thrust, is at least as flexible as a bent one, and (2) there is 
more pipe to deflect. 

In the original diagram, Fig 2, it was shown how, by making the pipe line as remote as possible from 
a line joining its fixed positions, the effect of expansion, 7.¢., the angles through which the pipe would be 
deflected would be reduced. In the accompanying diagram, Fig. 10, the same pipe line is represented, but 
takes into account the deflection of the straight lengths when the arrangement is subjected to a thrust 
at its ends. This has been screeved from a model and better illustrates the “greatest enclosed area ” 
principle than did the original diagram. 

The longer the legs AD AD the greater their flexibility and the smaller the angle which they are 
constrained to make with the pipe line CC when deflected to the positions BD BD. 

The greater the length between A and A the more flexible becomes DD—This feature should appeal 
to the champion of the ‘nice easy bend,” as the length DD may be regarded as a bend of infinite radius 
when cold and of a very large one when hot. 

Since reading this paper some information has come to my notice which confirms, in a more scientific 
manner, the claims which I have put forward regarding the “ theory of maximum area” as applied to 
expansion bends in steam pipes. It is contained in the discussion of Mr. Riddleworth’s paper on the 
“ Distortion of a curved member by forces applied to its ends” read before the Institution of Engineers 
and Shipbuilders in Scotland (Vol. LXXIJ), in which Mr. James Thomson draws attention to an 
application of Mr. Riddlesworth’s theory to the problem of expansion bends. 

He shows that, for the maximum deflection with minimum stress, the three sides of the quadrilateral 
should be equal, 7.e., they should form an open square. 

From that it follows that, for a given length of pipe in the expansion bend, the maximum deflection 
would be obtained by enclosing the maximum area—a square—and the minimum deflection would be 
given by a circular form. 

Fig. 11 shows the forms taken by different types of expansion bends when a thrust is applied at 
their ends. The diagrams were obtained by springing a steel model of each between fixed centres and 
screeving a line round their inner sides on to the actual sheet of paper from which Fig. 11 is 
photographically reduced. 

The length of each unstressed model is represented by the distance between the vertical lines AA in 
which condition the ends were in a continuous straight line, 7.¢., parallel to the base line. It will be 
noted that the ends of the “lyre” bend have deflected more from the continuous straight line than those 
of the “maximum area” bend or the “ easy ” bend. 

As the thrust was applied through points operating in centres at the ends of the models, their lower 
bent portions have not functioned as they would have done had the ends been secured by flanges to the 
pipe line, the unrestrained deflection from the continuous straight line thus indicates the relative effort 
to depart from their original alignment. 

With a view to determining the relative flexibility of these types of bends, each of these same models 
was subjected to end thrust between centres, one of which was fixed on the scale pan of a weighing 
machine. The load necessary to deflect them one inch was as follows :— 


“Maximum area” bend se ies wy +A oa 13°68 lbs. 
“Easy” bend ... we ae avs ae i oi 17°56 lbs. 
“Lyre” bend . is na re a 21:0 Ibs. 
It may be of interest to note that the length of pipe used in each of the bends under discussion, all 
having the same overall dimensions, are in the proportion of 37, 33 and 41 for the “ greatest area” 
ae the “easy” bend and the “lyre” bend respectively—all measured from the models represented in 
ig. 11. 

The anomaly of the greatest length of pipe giving the least flexibility, in the case of the “lyre,” is 
due to the peculiar disposition of its straight lengths and curved portions. The greatest lengths are 
under compression, the bent portions at the base are of such a degree as to have but little tendency to 
close and the short straight lengths connecting the lower bent portions with the bow are in tension. 
Thus the greater part of the deflection is borne by the upper half of the bow, the stress in which is the 
nearest approach to pure bending of any in the arrangement. 
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The exposure of the “ lovely lyre” reveals that it is more true to type than to its champions since, 
while demanding a greater length of pipe than any other bends, it is the least flexible of the lot and the 
most prone to leave the straight path in the course of duty. 


In conclusion, I wish to tender my grateful thanks to those members who have contributed to the 
discussion, or have otherwise rendered assistance, and particularly to Mr. Thomson for his ever 
kindly aid. 

The last paragraph of the paper was intended to read as follows :— 


“Unheated projections of a casting, the main body of which undergoes a quick rise in 
temperature, are subject to great stress at such times, and repetition ultimately results in 
failure from fatigue at these parts. Cracking of flanges from the bolt holes outwards and the 
rupture of webs on stop valves, breeches pieces and strainers are examples of the casualties 
attributable to rapid heating. 


“Apropos of webs on steam castings, it might be well to mention that the apparently 
innocent practice of putting lagging screws into the edges of webs on stop and throttle valves 
and main steam branch pieces and the like is conducive to the rupture of such webs while under 
the stressed conditions alluded to in the preceding paragraph, and many otherwise excellent 


castings have had to be replaced after only a few years service on account of cracks starting from 
lageing screw holes.” 
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THE PREPARATION AND DELIVERY OF UNUSUAL TYPES 
OF VESSELS FOR OVERSEAS’ SERVICE. 


BY 


CAPTAIN F. W. PEDDER. 


ReaD 19TH FEBRUARY, 1930. 


As you are aware, I have been asked to read a paper on the subject of the preparation for the over- 
seas voyages of unusual types of craft, but as this is my first attempt at anything of the sort, 1 feel that 
1 should prepare a way of escape in case I disappoint you. The blame, if any, should be borne by 
Mr. Watt who first telephoned to my office in the following strain :—* Is that you, Captain?” On my 
replying in the affirmative, he said—‘* I am going to thrr-ust an honour on you”~-and he proceeded to 
explain that he wished me to read this paper. 

I am extremely gratified and longum at being invited to do so, but feel very nervous ; however, with 
the kind assistance of Mr. Watt and his friends, I will do my best, and hope that you will forgive me if it 
is not quite up to your expectations. 

Some of you are old enough to remember the time when this country had what almost amounted to 
a monopoly of the World’s shipbuilding, when shipbuilding on the Continent was confined to wooden 
vessels intended only for coastal service. At that time there was no other classification society than the 
one under whose auspices we are meeting to-night. But if times in this respect, as in many others, have 
changed, we still supply vessels to Owners and Governments in all parts of the world, and as regards such 
vessels as dredgers for harbour and river development, dredgers for the recovery of alluvial deposits of 
gold, silver and tin, hopper barges for the removal of dredgings, special types of steamers for service on 
rivers and inland waters, tugs and ferry steamers, and not less important, floating docks for the repair of 
vessels in far distant ports, we are still very largely, monopolists. j 

My object is not to deal with the technical problems involved in the design of such vessels—that 
matter is dealt with in an efficient manner by the naval architects and builders and by your classification 
society—but rather to step in when their work is finished and deliver the goods to whatever part of the 
world in which they are intended to operate. f : 

During my 25 years’ experience of this special work, I have been faced with many difficult problems, 
in fact, it might be said without exaggeration that every case provides a fresh problem. 

The behaviour of a dredger for example is entirely different from that of a tug-boat, and a floating 
dock bears no resemblance to a shallow draught river steamer, and these again differ from a non-propelling 
barge which has to be towed to its destination. 

Bearing in mind the varied types of vessels, it will be realised that however skilful the navigator 
and his officers and crew may be, their best efforts may be frustrated if the vessel is not prepared in a 
suitable manner for the contemplated voyage. 

Dredgers, hopper barges and floating docks are so strongly built that the question of structural 
strength seldom arises. In the case of river and ferry steamers, however, structural strength may be of 
the utmost importance. These vessels are intended to trade in protected waters, with only a very 
moderate load; they never encounter severe weather, and it would be a decided handicap if they were 
compelled to carry the weight of structure required by a sea-going vessel throughout their lives merely 
because they had to make one inaugural sea voyage. Asa general rule such vessels are only able to carry 


2 


enough fuel and water for the voyage or from one port of call to another, and these loads are distributed 
as evenly as the circumstance of the case will permit, but in addition, the period of the voyage is carefully 
considered so as to take advantage of fine weather seasons; the actual direction may even be varied so as 
to derive as much protection from the coast line as possible, although by so doing many miles may be 
added to the voyage. The first consideration must always be the safety of the adventurers, for the men 
who sail in these vessels are the humble followers of the great men of past centuries who sailed into the 
unknown and laid the foundation for the world trade of this country. The second consideration must be 
the safe delivery of the vessel committed to their care. 


It may happen that even after the question of ballast is settled and a suitable season and route have 
been determined, the structural strength may be deemed insufficient for the conditions to be encountered. 
In such cases additional web frames and longitudinal girders, and perhaps transverse bracing may be fitted, 
but as a general rule one or two rows of timber lattice girders are fitted from the top of the floors to the 
uppermost deck. More than this should not be necessary if the voyage of delivery has been considered by 
the naval architect when preparing his design. 


Fig. 1 shows in profile and section the bracing fitted in a shallow cargo river steamer 220' x 
44' x 96" which made a voyage from this country to the River Plate without mishap. 


In vessels of the Amazon River passenger type with continuous shade and sun decks, the side 
openings should be strongly boarded in, and a similar procedure should be followed with all side openings 
which are framed by side plating and a deck above. In all other cases however, it should be a guiding 
principle that more attention should be paid to getting water off the deck rapidly, than to the prevention 
of water breaking on board. In other words, a clear run and open bulwarks may make an uncomfortable 
deck to work on, but they never lost a ship, whereas much trouble has been caused and risk run by water 
breaking on board and its passage being impeded by solid bulwarks and side boarding. Cases are known 


- where water confined in this way has entered compartments below deck and endangered seriously the 


safety of the vessel and her crew. ; 

Breakwaters which will cause the water to discharge through open bulwarks or ample freeing 
ports are very desirable, especially with vessels having low freeboard ; but hoods are not to be recom- 
mended, as they prevent free access to the hawse and mooring pipes when it may be necessary to drop 
anchor, or, as has happened on several occasions, rig up a relieving tackle on the tiller or quadrant. 
Further, it is difficult to construct a satisfactory hood which will at the same time give suitable access 
to the ship’s gear. I have known cases where such hoods were damaged seriously before the ship was 
twelve hours on her voyage, and had to put back for repairs. 

Deck house doors which give access to houses on deck only, may, if damaged or carried away, 
cause discomfort to the crew, but will not endanger the vessel ; but when these doors give access to a 
stairway leading below they are of vital importance, and should be built solid or reinforced with battens 
through-bolted to the door frame. 

When the opening to the engine room or stokehold is in a casing which is exposed to the sea, it 
should be constructed of steel in two parts, so that the lower half may be kept closed. Better still, 
there should be doors on each side of the casing, so as to give access from the lee side, or an independent 
access provided on the top of the casing. 

The covers of coaling hatchways should be tarpaulined and kept in place by strong angle bars 
secured by through bolts, and not by tumbling bolts ; and circular scuttles with bayonet joints should 
be similarly secured. 

The security of bucket ladders, bucket gear, overhead cranes and similar fittings will be dealt with 
when these types are considered, 

In spite of all precautions which may be taken water will get below, either through deck openings, 
side scuttles, or leakage from started rivets or seams. It is, therefore, of the utmost importance that 
the bilge pumping arrangements be ample. In flat-bottomed vessels the centre suction may be sufficient 
for the vessel when on her intended river service; but the absence of wing suctions on a long sea 
voyage may, and has, endangered the safety of many vessels. A branch pipe should be fitted to each 
side. This should be arranged in each compartment. It is a matter which too frequently has been 
overlooked. The danger is increased when the bilges have not been properly cleaned and the already 
inadequate arrangement has ceased to function. 
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With only a centre suction water will gather at one side or the other, according to how the vessel 
lists, and the more the water increases on that side so the centre suction gets higher, until the craft has 
a really dangerous list, with the risk of capsizing. 

The question of stability is of the utmost importance. In the Board of Trade inquiry following 
the loss of any such vessel it has been the finding of the Court that the loss was occasioned by insuffi- 
cient stability, associated, perhaps, with other causes. As a result of the prominence given to these 
cases the Board of Trade and the Committee of your Society will not now grant a certificate for these 
falar voyages until satisfactory evidence regarding stability is produced. ‘This is a step in the right 

Irection. 

You are all aware of the damage which is sustained, principally by small coasting vessels when 
making a voyage in the light or ballast condition, with a large trim by the stern, and the provision 
which is made by strengthening the bottom at the forward end. It is not, however, realised that the 
same conditions might be created by improper loading of the vessels we are considering. Further, a 
light draught vessel is not conducive to the steering and general good behaviour of the vessel. I 
therefore recommend that the largest amount of cargo be carried consistent with the condition, arrange- 
ment, and strength of the vessel. 

I now propose to deal in detail with some of the most important types. 


SELF-PROPELLED BuckET DREDGERS.—I think the most difficult are self-propelled bucket dredgers, 
especially those of low power and with high ladder framework compared with the length of the vessel, 
and other deck erections which would offer wind resistance. Such dredgers can seldom or never be 
hove to with the wind and seaon the bow, as is the common practice with vessels of ordinary type, and 
from experience I have found that they will generally lay very comfortably to the sea if the engines are 
put slowly astern, whether single or twin screw. It does not take an experienced shipmaster very long 
to find where she takes it most easily ; but as a rule, provided the centre of the ladder framework is 
just abaft of amidships, she will take the wind and sea two or three points on the quarter. I have also 
found in practice that.if the heavy wheels are left on top of the framework, and also some of the buckets, 
according to the stability of the dredger as found by heeling tests before trials both in light and laden 
condition, the dredger will behave better and roll more easily than if all the top weight is taken off. 
Otherwise these craft, instead of rolling easily, do so with a quick, jerky motion, which may start some 
of the framework or superstructure from the deck. 

It has been argued that sea anchors of suitable design will assist in keeping this type of dredger 
riding comfortably with the wind and sea on the bow ; but a sea anchor is not only difficult to put over 
the side and regulate to the proper position during bad weather, it is still more difficult to take in board, 
and to be of any use it must be fairly large and occupy considerable space on deck. It is of great 
importance for the safety of all on board that the crew can get fore and aft quickly without climbing 
over obstructions. Such vessels, if arranged with bulwarks fore and aft, should be provided with as 
many water freeing ports as possible ; but they are generally safer at sea if they are only provided with 
stanchions and guard rails, so that any water coming on board quickly passes over the side. It is a 
mistake to board them up at the side, for by doing so water is retained on the deck. 

If the engine room and other casings leading below are constructed of light material, they should 
be reinforced, instead of boarding up on the rails. All doors leading to engine room and stokeholds 
should be fitted with locking or fastening slips which can be operated from inside or from the deck. 

Dredgers with open bow wells—meaning those without forecastles—should have the well strengthened 
by a channel bar right across the fore end. If it is a long well, it is often advisable to fit cross bracing 
about midway along the well to prevent the parts on each side of the well spreading, with the danger of 
leaking at each inward corner of the well. This is frequently done with Dutch-built dredgers. A 
typical arrangement is shown in Fig. 2. 

If it is intended to close in the bow well for the voyage with a view to giving better speed, I 
recommend that it should not be made watertight atthe bottom, otherwise it may fill up if the pumps or 
sluice fail, and the dredger would be out of trim and steer wildly. If coal must be carried in the well 
it must be made watertight, preferably with steel plating below and a caulked deck on top; buta 
trunkway should be arranged at the after end with a ladder to the bottom of the well to give access to 
the strum box. A good hand pump should be provided in addition to the engine pump. Both pumps 
should have large pumping capacity. 
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Dredgers with navigating bridge, steering compass, and wheel situated on top of the ladder frame- 
work, should have a standard compass on a suitable platform nearer the deck level. 

Relieving tackles or kicking tackles should always be kept on the tiller or quadrant. They can be 
kept well tallowed and left slack in fine weather. 


TRaIN oR Car Ferries,—lI think that the next most difficult vessels are train or car ferries, which 
are usually shallow draught. I will deal with the double-ended single screw type first of all. I have 
sent many of these abroad, and it has been found that if the propellers are coupled up, making a 
continuous line of shafting, it prevents the engine racing, as one propeller is always immersed and the 
vessel can generally keep steering way ; whereas if she was dependent on the stern propeller only, she 
would quickly lose her way, and there would be grave danger of damage to the machinery due to 
excessive racing. These vessels are generally designed with a deck clear of all obstructions, with the 
exception of the engine casings, to give as much deck room as possible to accommodate cars, automobiles, 
and, in the case of train ferries, as many coaches as possible. 

It isa mistake to fit whalebacks to prevent water coming over the bow or stern, as these offer 
considerable resistance to the wind. I always prefer and recommend that breakwaters to the height of 
the bulwarks or guard rails be fitted diagonally across the deck at each end. If considered advisable, 
according to the length of the vessel, two can be fitted at each end ; but in my opinion, instead of having 
close planking, they should be sparred to allow heavy seas to pass under and between the planking, 
otherwise the brackets might be started from the deck, breaking bolts and allowing water to get below. 

The bow rudders should always be taken off, but great care is needed in strengthening the fore end 
in the way of the rudder trunk, owing to the shape of the bow, which is usually in the form of a counter, 
and there is a great danger of straining due to pounding, even if the decks are strong enough to allow 
for temporary stays and struts from the shell plating to the deck. It has been found that damage 
frequently occurs from this cause. 

As an illustration of the type of ferry referred to, I would call your attention to the “ KaraKara,” 
‘which is shown in Fig. 3. 


PaDDLE oR ScREW PassENGER VESSELS.—I think the next most difficult vessels to prepare for 
overseas voyages are either paddle or screw passenger vessels of light construction with sponsons. 

I have had many experiences with this type of vessel during bad weather and found that damage to 
the sponsons was seldom, if ever, caused by heavy seas breaking under the sponsons or the vessels rolling 
heavily into the sea, but damage was generally caused through air becoming compressed at one point or 
another under the sponsons and it had to escape somewhere and forced up the sponson deck. This was 
first observed by me on a very light draught river steamer which I took out to the Argentine, and at the 
first opportunity during the voyage, I cabled to the owners and builders recommending that houses and 
decks on the sponsons, for sister vessels to follow, should be unfinished and each alternate plank left out 
for the entire length of the sponsons. Where the sponson deck was of steel, I recommended that large 
holes be cut close to the shel] plating and several other holes made as large as possible along the sponson ; 
when this was done, no further damage was sustained by several similar vessels which followed. 


Suction DrepGERs.—Provided these are of good power and steering qualities there is no difficulty 
in navigating them as they are almost always very strongly constructed and are free from any high 
superstructure, but again it is advisable to keep the deck as free as possible from side boarding. 


FLoaTinG CRANES.—These of course are always designed with a view to stability; usual] they are 
shallow draught with very big beam. I have prepared and sent a great many of these abroad, both from 
this country and from the Continent, and have found that it is always helpful to keep as much top weight 
as can be carried with safety. If this is done, the crane pontoon will roll easily instead of jerking and 
tumbling about awkwardly. The best means I have found where the jib of the crane has been completed 
and left in position, is to secure it to the centre tower by means of very strong clamps specially shaped to 
suit the occasion, bolted to the luffing end of the jib and to the centre framework with double nuts and 
the bolts burred over, all close fitting. Wire stays can be fitted to the jib if desired, but there is usually 
so much give in these that even when they are fitted with stretching screws there is a lot of play. The 
jib of the crane will always be of sufficient strength and suitable design to withstand any rolling movement, 
otherwise it could not lift the weights for which it is intended. There can be no question with the 
ordinary crane pontoon or barge regarding stability, as it is designed to lift its maximum weight with the 
jib at right angles to the line of keel. 
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Tuc Boats.—It is difficult to generalise regarding these, but as regards the small type designed for 
river or harbour work, and which have limited permanent bunker space for long voyages, great care 
must be taken in arranging and distributing extra coal or fuel for the longest runs between ports of call. 
Where coal must be taken on deck, it can generally be arranged at the sides of the engine casing. 
Where there are only coaling scuttles flush with the deck there is grave danger of water getting into the 
bunkers when the scuttles are open for trimming coal off the deck. I always arrange for a coaming or 
tube about 3 ft. high to be fitted with a locking ring to the flange on the deck. This can be fitted to 
whichever scuttle is being used. I always recommend that a breakwater be fitted at each end of the 
space intended for the coal, and that special care be taken to protect steering rods or chains from bagged 
coal fouling them; but I do not recommend that the coal should be carried higher than the bulwarks, 
or that boarding should be put up between the top of the bulwarks to the boat skids. If this is done, it 
would mean that men requiring to pass along the deck would have to get outside and scramble along the 
belting, with the danger of being washed off in bad weather. If it is considered advisable to fit a break- 
water, whether forward or aft, on a small tug, I think it should always be done with sparred timber, and 
one or two water-freeing ports should always be arranged in the bulwarks at the outer side of the break- 
water, whether forward or aft. With such vessels I consider that water-freeing ports with swinging 
doors are preferable to open ports. If a close-fitting breakwater is fitted either forward or aft on a small 
tug it is a great danger, as water may be retained in the space to the height of the bulwarks for some 
considerable time, preventing the vessel righting herself before another sea breaks on board, whereas with 
a sparred breakwater the water can be distributed along the deck, to find its way overside through water- 
freeing ports and scuppers. 

When harbour and other small tugs are light of coal they are generally difficult to handle during bad 
weather, and I consider they should have as little side boarding as possible to avoid unnecessary wind 
pressure. 


SELF-PROPELLED Hopper BarcEes.—These do not present any difficulty if of sufficient power and 
with bunker capacity to make the runs between ports of call; but I consider that the hopper doors 
should always be left open from half-inch to one inch, according to the size and capacity of the hopper. 
In the event of a heavy sea being shipped into the hopper during bad weather, water will soon find its 
bel on to the sea level ; whereas, if the hopper doors are kept closed, she will take a long time to free 

erself. : 
If coal has to be carried in the hopper to make a long voyage, I consider that a floor should be laid 
for the entire length, arranged about the height of the light waterline. Coal should always be carried in 
bags of good quality, and generally the hopper’s hatchway should be boarded over and made watertight. 
It should be fitted with doors or small hatches of suitable size to get coal out when desired to replenish 
the bunkers. Another method for carrying coal in the hopper is to put brushwood in bundles to a 
suitable height and bagged coal stowed above. The hopper can then be left without a hatch cover or 
boarding, as the brushwood allows any water which is shipped into the hopper to drain through quickly, 
but the hopper doors must be kept slightly open and secured in position by suitable distance pieces 
between the doors and the shell plating. Sometimes it is advisable to fit preventer chains to the doors 
if the permanent chains are at all light. Chains should be constantly under observation during bad 
Msc sem and tightened up when required to prevent the doors knocking, with the risk of breaking the 

inges. 

Gooseneck ventilators leading to the buoyancy tanks should be kept as high as possible from the 
deck, and they should be provided with plugs and canvas covers. 

The observation doors or manholes in the divisions of buoyancy spaces should be closely shut and 
made watertight. 


River STEaMERS.—New vessels intended for river service which are not built to the highest class, 
but to suit owners’ special requirements, have to be allotted a special loadline for the voyage. I refer 
now to passenger and cargo vessels for Argentine and other river service, which have no double bottom 
tanks, and must be ballasted for the voyage. I am of opinion that sufficient thought and consideration 
is seldom given to the light condition of these vessels and too much given to the maximum draught they 
will be permitted to load. This is on account of their light construction and usually their great length 
and breadth compared with the moulded depth; but it should be borne in mind that light vessels, 
especially if they are flat bottomed (as those I have in view), soon lose steerage way and become 
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unmanageable in bad weather, when they roll and tumble about at the mercy of wind and wave, and 
even if you can keep steerage way and head or bow on to the seas, they pound heavily, with the risk of 
setting up the bottom. This, in my opinion, is a much greater danger than if the vessels were permitted 
to load deeper. Then ship-masters would have a vessel which they could reasonably hope and expect to 
keep under control during bad weather. Further, there is always the danger of being on a lee shore 
when too light, for these craft have high bridges and deck houses, and offer a large surface as wind 
resistance. 

Special strengthening is of course arranged to suit the special case, but even so, I feel sure that too 
much attention is given the wrong way when the loadline is being calculated—even a few inches extra 
immersion will make a vast improvement with a mean draft of round about seven to eight feet. 


It should also be remembered that when these vessels near their destination, the fuel, whether oil or 
coal, is nearly expended and they are more difficult than ever to handle if bad weather is encountered. 


The most important thing of all, when preparing these vessels for sea, is to be absolutely sure that 
the bilges, fore and aft, are perfectly clean and that the strum boxes are easily accessible in ali compart- 
neue eels as regards tugs where the two main or principal compartments are the engine room and 
stokehold, 

Whenever I have sufficient weight or authority with builders or owners, I stipulate that before 
sailing all tanks, wells and bilges be carefully cleaned, and that each compartment be partly flooded and 
pumped out by the engineer who is to make the voyage. I am then sure that he is acquainted with the 
valves and connections, for it frequently happens with these vessels, whether new or secondhand, that the 
engineers join at the last moment and are quite unacquainted with the piping or pumping arrangements. 


There is always sufficient work to do on a tug or other small vessel for the first few days without all 
hands having to go bilge diving. I feel I must impress on everyone connected with such matters, the 
- very great importance of clean bilges. I speak from very considerable experience and very many anxious 
times owing to dirty bilges. I have come to the conclusion that those responsible for cleaning engine 
room and stokehold bilges dislike the job more than anything else; they will clean peaks, limbers, double 
bottom tanks before the covers are put on, but they invariably try to shirk the stokehold and engine 
room. 

Sea conditions vary with each type of craft. Dredgers, whether bucket or suction, usually ship 
heavy water with wind and sea on the bow or beam, but it is seldom that they can be driven with suffi- 
cient speed to ship water over the bow, whether they have high forecastles or are flush deck, but as these 
vessels are usually fitted with one or more beltings along the side, and invariably one at the main deck 
level, these act as a good protection and frequently prevent a heavy wave breaking on to the deck. 


Shallow draught flat-bottomed vessels seldom ship heavy water either over the bows or, during bad 
weather, on the beam, as they are never driven fast enough, and are usually so buoyant that big waves 
do not break on board. 

Harbour tugs, which are usually short compared with their power and weight, are generally very 
wet when fully bunkered and stored at the commencement of the voyage and ship heavy water over the 
bows, but as a rule they are very dry and seaworthy with bad weather on the side. In these cases the 
belting or rubbing band, which is a feature of most tugs, helps to break the force of waves with beam 
wind and sea. 


Non-PROPELLED BarcEs.—I now refer to the towage of non-propelled barges with a runner crew on 
board. I think the usual practice is to tow them with from 90 to 120 fathoms of Manilla spring with 
90 or 120 fathoms of flexible steel wire attached to a bridle on the vessel in tow. Where two non- 

ropelled vessels are in tow together I recommend that they should be towed with separate hawsers on 
vifferent towing hooks, the sternmost vessel being at least 100 fathoms behind the other. The bridles 
on the towed vessels should be so arranged with a long and a short leg that one barge will naturally 
shear to starboard and the other to port when under weigh. This will help to keep the leading vessel 
from frequently passing over the towing gear of the sternmost. 

When the vessels are strongly constructed with a powerful windlass it is more convenient to tow 


from a length of cable chain after unshackling the anchor. One vessel could be towed from the star- 
board hawse pipe and the other from the port one. 
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In some cases, particularly with lightly constructed lighters where the mooring bollards and wind- 
lass are not considered strong enough to tow from, it is arranged that the towing bridle be made fast on 
each side at the after end of the vessel, thence along the deck with one single turn to each bollard, and 
then out through a shoulder pipe and shackled together to form a bridle. By this means the pull of the 
tow rope is distributed right through the vessel. 

It is at times advisable to fit a towing strop right round the vessel to be towed. This should be 
secured about the deck line or just below by means of suitable clips to keep it in position. This strop 
should also be arranged forward in the form of a bridle. 

When towed vessels have a runner crew on board they are invariably provided with a table of 
signals to exchange with the tug by means of hand flags by day and flash lamp by night. Signalling to 
passing vessels or to signal stations is always done by the tug. 

Again referring to vessels in tow for along voyage. Without a runner crew they should be provided 
with acetylene navigation lights, which can be regulated by means of a buoy that can be set to turn the 
lights off or on as may be desired according to the time of year and the shortness or length of daylight— 
for instance, the buoy could be set to turn the lights on at 6 p.m. and off at 7 a.m. 

I have prepared a number of vessels for voyages up to eighty-five and ninety days in this manner 
without any undue disappointment. The buoy requires winding up and possibly regulating at each port 
of call. Another method of lighting unattended vessels is by means of the Radiovisor Automatic 
Lighting Unit, which is connected up with the wiring of the lights and the current is supplied by 
batteries. The Radiovisor automatically switches the lights off and on as daylight and darkness approach. 
The batteries, of course, on a long run will require recharging at each port of call. 


Froatinc Docxs.—As a rule, these are difficult to steer even in fine weather, and they can seldom be 
towed at more than four to four and a half knots per hour no matter what horse power is provided for 
the towage. Whether the dock be large or small, I consider it is advisable to employ two tugs for the 
towage so that when it is necessary to replenish the tugs’ bunkers, one of them can keep the dock outside 
of the harbour whilst the other is bunkering, and vice versa. By this means the dock does not have to 
be taken into port with the attendant risk of damage—but the dock should always be fitted with ground 
tackle. The usual practice is to erect a billboard at the fore end of the pontoon deck on the one side to 
be clear of the towing bridles; a suitable tackle to be arranged on the pontoon for recovering the anchor. 
Docks usually have a capstan on top of the wall which could be used for this purpose. I always consider 
it advisable for docks to be towed whether by one or two tugs from two double towing bridles shackled to 
special towing plates on the deck of the pontoon and thence through a stopper or suitable hawse pipe. If 
the hawse pipes are open they should be fitted with a cover plate on top. A gangway should be arranged 
between the ladders on each wall at the height of the keel boxes, to permit the runner crew having ready 
access from side to side of the dock for inspection purposes. Pipes and other outside fittings on the 
pontoon or outer walls should be disconnected before commencing the voyage, to prevent damage when 
entering harbour or if other craft have to lie alongside at any time. All gratings and flap valves should 
be removed and openings boarded up. In the case of self-docking sections, I consider that timber 
supports against compression should be fitted in line with fore and aft watertight divisions between each 
section from the deck level to the bottom of the pontoon. The sections will also be temporarily secured 
for the voyage at the bottom of the dock between sections. A suitable motor pump with sufficient length 
of suction hose to reach the bottom of each section should always be in readiness during the voyage. 
Whenever possible an experienced engineer should be included in the runner crew in the event of the 
dock springing a leak and pumping being required. A suitable signal mast should be erected at the 
forward end of the wall, and the dock provided with a full set of signal flags. 

Well, gentlemen, I think I have said enough about the different types of craft which frequently 
have to be sent abroad, and I shall now say a few words about the men who are entrusted with the 
venture. Many of them have been employed on this class of work for many years, and will remember 
when there were few, if any, countries where the law required repatriation of alien seamen. 

It was then the common practice to engage sailors and firemen, cooks and stewards—in fact, the 
whole crew, with the exception of officers and engineers—and discharge them at destination, where they 
usually went on to the beach. This applied not only to Britishers, but to seamen of all nationalities; 
and you can imagine how difficult it was to preserve discipline and to get any work done on board of the 
ship other than steering and steaming. 
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These men in most cases seldom spoke English, and were engaged through a foreign boarding master 
or shipping agent, who invariably took a month’s advance of wages from each man to pay for so-called 
board and lodging, and possibly the supply of a few clothes, a straw bed, blanket and pillow. Men were 
nearly always taken on board in a dazed condition, and when they became sober they realised that on 
reaching their destination they would have little, if any, balance of pay to draw. Although these men 
generally had discharges as sailors or firemen, they had obviously been stolen from other seamen and 
given to them by the boarding masters. You can imagine the troubles and trials of such voyages. 
The Consuls for the different countries under whose flag the vessels were being sent out only took a note 
of the name, age and nationality of each member of the crew, without any reference to their ratings. 
There was not a shipping office or official at the port of destination before whom it was compulsory to 
discharge the crew ; this was always done on board the ship, and the men told they could go ashore, as 
their services were no longer required. 

Nowadays conditions are totally different. There is not one foreign country where you can pay a 
man off and leave him stranded. Every man must be repatriated. This requirement has made all the 
difference possible so far as ship delivery is concerned, for shipmasters and others who engage crews can 
engage men with good discharge books, showing that they are thoroughly experienced at their respective 
work, sober, and of good behaviour. These men understand when they are being engaged that on arrival 
at their destination they will be put on board a comfortable passenger vessel at the owners’ expense, their 
wages continuing until their arrival in this country, where they will be paid off, and, if they have 
behaved Pee, a good discharge will be received. The men also know that during the voyage their 
wives and dependants are receiving weekly allotments from their wages and have been kept informed of 
the ship’s position. 
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COASTING » hase le. 


By R. B. SHEPHEARD. 


ReaD 26TH MArcH, 1980. 


“Dirty British coaster with a salt-caked smoke stack, 
Butting through the Channel in the mad March days, 
With a cargo of Tyne coal, 
Road-rail, pig-lead, 
Firewood, iron-ware and cheap tin trays.” 
“ Cargoes.”’—JOHN MASEFIELD. 


The tramp coaster and her prouder liner cousin are very familiar round the British seaboard and in 
our ports. Whilst almost every aspect of the economics, design and operation of larger ships has received 
considerable attertion, little similar study has been devoted to these coasting vessels. Probably their 
very familiarity, and the impression prevailing that their design is stereotyped, are largely responsible for 
this neglect. 


A paper dealing with raised quarter deck coasters was recently read before the Institution of Naval 
Architects * and the stability and seaworthiness of colliers of this description were treated by Mr. Watt in 
his paper to our Society in 1925. t Some information relating to this same type has appeared from 
time to time in the technical press, but of other coasting craft very little is recorded. 

The present paper attempts to focus attention upon British coastwise trade in general and upon 
some aspects of the design and operation of the various classes of vessels engaged therein. It is hoped 
that the work may stimulate interest and helpful comment on these ships, whose activity and efficient 
service play an important part in the prosperity of our island country. 


The paper falls into four main divisions :— 


I, Sratisticau. Dealing with the growth of coasting trade and tonnage. 
II. Design AND DEVELOPMENT OF CoastING TyPEs. 

Ill. Damage anD Structurat Derarns of such vessels. 

1V. Casvauties. Treating of losses amongst coasters. 


I.—STATISTICAL. 


Coasting trade between ports in the British Isles has been carried on for many generations. From 
the time when coal first came into use, it was carried by sea from the great producing centres to other 
ports, and distributed inland by river and canal transport. Industries grew up as a result of the facilities 
provided by these coastwise and inland waterways, and from the early part of the 18th century until the 
development of the railways, the great centres of traffic of our country were ports such as Hull, King’s 
Lynn, London, Bristol, Liverpool, Glasgow and Leith, through which the fride of surrounding districts 
was cleared. 


* » Notes on the Design of Coasters” by J. Douglas Calder, 1.N.A., 1927. 
+ “Stability and Seaworthiness of the Collier” by W. Watt, L.R.S.A., 1925. 
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The movement of coasting traffic is shown for various years in Table J. In 1825 the entrances and 
clearances amounted to 23 million net tons, a figure which remained about stationary for 40 years, and 
then gradually increased to a maximum of 45 million in 1905 and 1913. Thus, in 90 years the volume of 
coastwise trade was only doubled, while in the same period British foreign trade increased twenty fold, 
from 6 to 117 million net tons. 


TABLE I. 


ENTRANCE AND CLEARANCE OF BrivisH SHIPPING WIT CARGOES, IN THE GENERAL COASTING 
TRADE OF THE United Kinepom (Exciupina InTercoursE WITH IRELAND). 


Year, Millions of Tons Year. Millions of Tons 
Net. Net. 

WOOD ere, Fe as otek ele BO LS aos (avs ee™ Pater p tense) 20°O 

LSObmta eg erin acetone eee ye eee LOB reer RE hcl we 291 

1SSbiea.c Jesse een ese Odea, BOULS It ee epee ee be] 

LOO Gir sd Weer toss) vere fa<e wAleeantt 1925) sé3.-rses tae hl peen ine ED Lel 

IE bona AS tee tll UOT Stars ites fees eee cess ue. 2G 

DOTO Sis. seat say etertes 19184 2'9 (General and Coal Strikes) 

OGG s newvye sag lacs aes gees Te NUM iarere mesa ie, coe olden aS 

TOT wd deiner) RR eee LT 192S8huwael.tice tettlidcds ade He BIG 

SRF aspera S Rammer msi mes Tits! DO .a0 one oka ch oteaee sea pte 


* Including trade with Ireland. 


(See also Fig. 1.) 


The comparatively poor increase in coasting trade has been very largely due to the competition of 
the railways, which developed their heavy traffic at a remarkable rate. Between 1875 and 1913 the 
weight of minerals and merchandise carried by rail was trebled. The railways have been working for 
many years to divert traffic from the sea. They accepted rates reduced below an economic level between 
points which could also be served by sea, and also obtained control of ports and canals whose facilities, 
in some instances, they subsequently failed to develop. 


The climax of the conflict was reached during and just after the War, when the railways were under 
government control. ‘Traffic coastwise fell from 45 million net tons in 1918 to less than 15 million in 
1918. This tremendous drop was not so much due to war losses as to the stranglehold of heavily cut 
railway rates—for which the taxpayer had to pay. The situation became so serious that, in order to save 
the coasting trade from annihilation and also to relieve the congestion on the railways, the Government, 
in 1919 and 1920, was compelled to influence traffic to the sea by granting a subsidy to overseas mer- 
chandise thus carried, which would bridge the gap between the coastwise and the uneconomical railway 
rates. Although the railways were de-controlled in August 1920 their competition still remained acute, 
owing to the quoting of ‘t exceptional rates.” 


The plight of coastal shipping during the years immediately after the War is also indicated by the re- 
turns of laid-up tonnage under 1,000 tons net, whose numbers reached 360 in July 1921, and probably 
exceeded 400 in 1920. (See Table IL.) 
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TABLE II. 


Number oF British Sares UNDER 1,000 N.R.T. LAID UP AT PRINCIPAL PORTS OF GREAT 
BRITAIN AND IRELAND, 


Jan. April July Oct. Average 
Coal Strike, April—July. 
—_—_—— 
1921 net: oe 360 800 
1922 ies eos 268 212 247 208 234 
19238 eee tes 185 156 155 165 165 
1924 Pasa oe 153 145 189 174 165 
1925 see vee 204 200 182 200 196 
Coal Strike, May—Nov. 

P—Q_QJ_«r 
1926 aoe mate 163 159 269 213 201 
1927 sss eve 141 108 104 114 117 
1928 eee see 118 118 105 102 111 
1929 “Fr coe 89 78 60 59 71 


(Chamber of Shipping of United Kingdom.) 
(See also Fig. 1.) 


The position, however, since 1920 appears to be gradually improving, though pre-war activity has 
not yet been reached. Laid-up tonnage, according to the latest returns, is below 60 ships, about half of 
which, owing to the length of time they have been out of employment, are probably unfit for further 
service. The effects of the general and coal strikes of 1926 on the recovery are most pronounced. 


Provided business and trade be allowed to develop on economic lines there is a prospect of great ex- 
pansion of coasting services round our islands. This should be accompanied by the opening up of a 
number of smaller ports and by a fuller employment of our river and inland waterway facilities. 


Recommendations for such developmeuts are contained in the Report of the Ports Facilities Com- 
mittee issued in December last. 

Coasting tonnage may be divided into two sections, tramp and liner, the latter being either of the 
cargo or combined passenger and cargo types. 

An attempt has been made to determine the change in the size of these fleets since 1918. For this 
analysis, lists of owners of ships engaged in coasting and home trade, tramp and liner services, have most 
courteously been made available by the Chamber of Shipping of the United Kingdom. It has not been 
found possible to separate home trade from coasting vessels. A tramp, for instance, may ply between one 
United Kingdom port and another in this country or on the continent within home trade limits, on 
successive voyages. For this comparison, therefore, all steamers and motorships under the above owner- 
ship, between 100 and 1,500 tons gross have been included. There are, of course, some coasting liners 
whose tonnage exceeds this limit, and on the other hand a number of ships under 1,500 tons gross are in 
the foreign trade. 

The results of this analysis are shown in Table II]. The figures are comparative only and are not to 
be considered as complete totals for coasting and home trade vessels. Comparing 1922-23 and 1929-30, 
there appears to be an increase in tramp numbers of about 15 per cent, but as the liners show little in- 
crease, the total improvement is about 10 per cent. Making allowance for laid-up tonnage, the number 
of vessels actively employed has increased, in the same period, by about 250, and the tonnage movements 
for the two years considered are roughly proportional to the active fleets. As the information for 1913-14 
has been compiled from lists of owners at the present time, the true totals are probably greater than 
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shown, discrepancy being most pronounced in tramp tonnage, where fluctuations are wider than amongst 
liners. Assuming, for 1913-14, the same proportion of active tonnage to movements as for the later periods, 
the active fleet at that time would be about 1,100. Though accurate figures are not available, the laid- 
up tonnage is known to have been small, and the total number of tramps and liners in 1913-14 has thus 
probably been underestimated by about 350 vessels. This latter figure is a rough measure of the casualties 
to coastal shipping both due to enemy action and to railway competition during the War. 


TABLE III. 


Coasting AND Home TrapDE VESSELS. 100-1,500 G.R.T. 


| TRAMPS A 
Average G.R.T. 


TotaL LINERS AND TRAMPS. 


No. of Vessels under 
1,000 N.R.T. laid up 


Particulars from Register Book for 


468 of 244,000 


572 of 304,000 


766 of 515,300 


879 of 552,100 


1913-14 1922-23 1929-30 
LINERS. 

Passenger and Cargo ... | 234 of 231,400 G.R.T. | 208 of 186,700 G.R.T. | 199 of 188,100 G.R.T. 
Average G.R.T. 988 897 945 
Number of Owners 22 22 21 
No. of Vessels 1,500- 

1,600 G.R.T. “ 7 10 20 

Cargo 69 of 39,900 99 of 61,400 114 of 70,400 
Average G.R.T. 578 621 617 
Number of Owners 19 21 28 

TotaL LINERS. 308 of 271,300 307 of 248,100 813 of 258,500 


653 of 353,400 


526 531 540 
Number of Owners 102 146 186 
No. of Ships per Owner 4°53 3°92 3°51 


966 of 611,900 


(Table II.) ... (not known) 234 71 
Vessels actively em- a ef 

ployed 1,100 645 895 
Movements of Coastal — 

Shipping (Table I) 

(Millions of net tons) 45°1 27°9 36°8 


In confirmation of this underestimation it may be noted that the average number of vessels in the 
individual fleets of tramp owners was greater in 1913 than at the present time. This seems to 
indicate greater prosperity, and consequently a larger number of owners and ships than tabulated, may 
fairly be assumed for that year. 
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The comparison also indicates a trend towards larger size of ships of tramp and cargo liner types. 
The average size of passenger liners in 1929 exceeds that in 1922, but falls short of the 1913 figure. 
On the other hand the number of passenger liners between 1,500-1,600 tons gross shows an increase over 
the whole period. 

During recent years coal has represented about 80 per cent of British coastal traffic. Nearly the 
whole of these coal cargoes have been carried by tramp tonnage, about 50 per cent of which must there- 
fore have been engaged in this traffic. 

It is interesting to consider the relation of coasting tonnage to that of other craft between the limits 
of 100-1,500 tons gross. The following Table IV, and Fig. 1, show, for 1922 to 1929, the number of 
steamers and motorships (including vessels with auxiliary machinery) owned in Great Britain and Ireland 
and also in the World, arranged in various groups of gross tonnage. The information is taken from the 
Appendix to the Register Book for the respective years. The number of trawlers which are included in 
these totals are also separately set forth. Steamers and motorships between these limits of tonnage 
represent about 58 per cent of the total number of all sizes over 100 gross tons, both for British and 
World ownership. The figures show a steady decline in British ships over the period, in each division 
of size, the fall being greatest in the smallest groups of 100-200 and 200-500 tons, and the decrease in 
the total 100-1,500 tons amounting to nearly 700 vessels. Trawler numbers have also diminished by 
approximately 300 (probably all of these are of less than 500 gross tons). 

The World total has fluctuated about a mean of 17,000 vessels, with a tendency to increase in the 
100-200 tons group and in trawlers, and to decrease in the 200-500 ton group. 


TABLE IV. 


NuMBERS OF STEAMERS AND Mororsuips (INCLUDING VESSELS WITH AUXILIARY MACHINERY) 
GROUPED IN VARIOUS DIVISIONS OF GROss TONNAGE, AS RECORDED IN THE REGISTER Book 
FOR THE YEARS SHOWN. 


100-200 | 200-500 | 500-1000 | 1000-1500 | “Too t500. | GnnAAERS, 


G.B.&1.| World |G.B.&1.)| World G.B.&I.| World G.B.&I.| World | G.B.&I.| World! G.B.&1.| World 


1922-23 ...) 1539 | 5221 | 2300 | 6404 | 756 | 3162 | 470 | 2258 | 5065 |17045) 1971 | 3625 
1923-24 ...| 1517 | 5202 | 2216 | 6301 | 752 | 3146 | 464 2260 | 4949 |16909) 1906 | 3630 
1924-25 ...| 1498 | 5292 | 2171 | 6265 | 788 | 8120} 444 2248 | 4846 |16925) 1847 | 3600 
1925-26 ...| 1457 | 53861 | 2124 | 6275 | 769 | 3147 | 485 | 2262 | 4785 117045] 1776 | 3599 
1927-28 ...| 1878 | 5366 | 2051 | 6177 | 700 | 3047 | 395 | 2284 | 4524 |16824) 1699 | 3685 


| | | 
1928-29 ...| 1342 | 5511 | 2004 | 6157 | 690 | 3044 | 407 | 2234 | 4448 (16946) 1684 | 3706 


i 


2235 | 4385 |17014| 1697 | 8771 


1926-27 ...| 1418 | 5423 | 2083 | 6272 | 720 | 8105 | 417 | 2289 | 4683 |17039) 1731 | 3637 


1929-30 ...| 1289 | 5556 | 2019 | 6217 | 677 | 3006 | 400 


| | 


(See also Fig. 1.) 


For the period considered, the average total between 100 and 1,500 tons of steamers and motorships 
owned in Great Britain and Ireland is 4,750. 

The totals for several of the types included in this figure can be determined from tables and sum- 
maries contained in the Register Book, but the following division is necessarily only approximate :-- 
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STEAMERS AND MoTorsHipSs OWNED IN GREAT BRITAIN AND IRELAND Havina Gross TONNAGE 
BETWEEN 100 AND 1,500. 


Coasting and Home Trade, Passenger and Cargo a we 1,200 
Trawlers, Whalers and other fishing es x is co 1,800 
Tugs, Tenders and Salvage ie ie ve it ii 500 
Oil Tankers ... i = ais oe doe re 60 
Foreign going, Special Service, etc. 790 
Turbine, Paddle and Auxiliary-propelled ft v4 rs 
Non-Seagoing, Barges, Dredgers, Hoppers, Ferries, etc. ye sae 400 
Approximate Total Number 4,750 


Coasters and home trade vessels represent, therefore, about one quarter of the total, their number 
being greatly exceeded by trawlers. 

Table v. shows the comparative age, and the variation of average size with age, for these small 
ships. The information has been extracted from statistical tables in the 1929-30 Register Book. 47 per 
cent of both British and World vessels between 100 and 500 tons are 20 years of age or more. As size of 
ships increases, the percentage of new vessels appears also to increase progressively, and the British fleet 
is shown to be considerably younger than that of the World as a whole. Competition and the rapid 
obsolescence of ocean going vessels no doubt largely accounts for the greater percentage of new tonnage 
of these sizes than of the smaller craft. Conditions in recent years in the coasting and fishing services 
have not been such as to induce owners to build. 

The comparative youthfulness of British tonnage is undoubtedly partly due to the replacement of 
war losses. 

The figures for average gross tonnage show a pronounced tendency, already noticed in coasting 
vessels, towards a larger size of ship. 


TABLE Y. 


AGE AND AVERAGE Gross TONNAGE OF STEAMERS AND MOTORSHIPS (INCLUDING VESSELS WITH 
AUXILIARY MACHINERY) GROUPED ACCORDING TO Gross TonnaGE. F Rom 1929-30 REGIsTER Boor. 


Years of age ... 0-10 10-20 20 and over. | 


Ownership... eee | G.B.&I.| World | G.B.&I.| World | G.B.&I.) World 


100-500 G.R.T. 


%, of total number of ships ... 16 19 37 34 47 47 

Average G.R.T. eee See 292 246 241 236 213 216 
500-1000 G.R.T. 

%, of total number of ships ... 38 27 27 27 35 46 

Average G.R.T. cae yes 740 752 717 737 719 730 
1000-2000 G.R.T. 

%, of total number of ships ... 44 32 29 26 27 42 

Average G.R.T. one eae Ode 1505 1452 1443 1420 1440 

2000 G.R.T. and over. 


%, of total number of ships ... 47 39 37 34 16 27 
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The position of motor propulsion amongst small craft is interesting. The 1929-30 Register Book 
contains about 180 motorships between 100-1,000 G.R.T. owned in the United Kingdom (including over 
70 vessels fitted with auxiliary motors). This number represents about 44 per cent of the total number 
of United Kingdom steamers and motorships of tonnage between these limits. The corresponding 
World percentage is nearly 15 percent. (The corresponding percentages for vessels 6,000-10,000 gross 
are 17°6 and 14°7 for United Kingdom and World totals respectively.) The motorships in the above 
total are nearly all less than 500 gross tons, and include trawlers and tugs, as well as coasters, There area 
dozen United Kingdom owned motorships between 1,000 and 1,500 gross tons, 5 of which are tankers, 
and the remainder being owned by one company, which is engaged in continental trade. 


Amongst British coasters, therefore, both tramp and liner, between 500 and 1,500 gross, the motor- 
ship is almost unknown. Possible explanations are the availability of cheap bunker coal, never at a great 
distance from the pit head ; and the more costly installation and upkeep, and skilled personnel required 
for Diesel installations. 


The number of Diesel and paraffin motor coasters and barges of smaller size, working in rivers and 
shallow water, is however increasing, and for such service they appear to be well suited. Dutch boats of 
this type are at present trading successfully to the Thames,!and there are possibilities ‘of considerable 
development in traffic upon these lines. 


II.—DESIGN AND DEVELOPMENT OF COASTING TYPES. 


Regular passenger and cargo services between ports in Great Britain and Ireland have been 
maintained for over a century. The London and Edinburgh Shipping Company, for instance, was 
formed in 1809, and employed smacks and schooners in their early days. The steamer “ Industry,” 
owned by the Clyde Shipping Company, traded on the Clyde in 1815. The General Steam Navigation 
Company, established in 1824, was the first company, however, to run steamers in open coastal service. 
At the present time, regular sea communication is maintained between all the principal ports of the 
British Teles with sailings varying in frequency according to the requirements of the pest 


The design of coasting liners has naturally been developed to suit the needs of the particular service 
in which they are engaged. All such craft, however, have several characteristics in common. Speeds 
above those of tramp steamers are essential, together with a sufficient reserve of power to catch tides and 
to make up for delays due to bad weather and to fog. Facilities for rapid turn round are provided either 
by special cargo handling appliances on board, or by special adaptability to shore arrangements at 
terminal berths. The cargo space must be well subdivided and ample deck space arranged, to enable 
general cargo to be conveniently stowed, particularly when several ports are served. 


A large proportion of these liners are of poop bridge and forecastle type, and in many of these the 
poop and bridge are combined, leaving one well forward. The design appears to have proved very 
suitable, some vessels having been in active service for over 50 years. In length they range from 
175 feet to over 300 feet, but about 60 per cent. are between 240 feet and 280 feet. This latter length, 
with normal arrangements and proportions, represents about 1600 gross tons, the limit of size for 
exemption of cargo ships from wireless equipment. Vessels above this size are consequently few in 
number, and, wireless in any case being essential, hold a passenger certificate all the year round. A vessel 
of this type engaged in the Hast Coast trade is illustrated in Plate 1. (Cross channel mail and 
passenger ships do not come within the scope of this paper.) 


_ A number of coasting liners below 1600 tons carry passengers only during the summer months, and 
dispense with wireless and the attendant expense for the rest of the year. 
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Speeds range between 12 and 14 knots, with corresponding block coefficients in the neighbourhood of 
‘70. An analysis of a large number of modern ships of this type shows that with erections covering 
about 80 per cent. of the length, the dimensions are related generally as follows :— 


Breadth moulded = = + 10 feet. 
with Breadth moulded ooo 
Depth moulded to upper deck ~~ at 


Thus 250' x 35’ x 17°5’ are representative dimensions. Ships built many years ago were 
considerably narrower, and a beam of 81’ for the length and depth given above was not exceptional. 
Such vessels must have required very careful handling. Where additional erections are fitted in ships 
carrying a large number of passengers, the ratio of breadth to depth is increased in some cases to 2-2; 
corresponding to over 38’ beam for the 250’ example. 


The sketches (Figs. 2 and 3) show the general design of two typical liners in the passenger and 
general cargo and cattle trades. Both have forecastle, with combined bridge and poop, and a well deck 
forward protected by bulwarks, with side doors, to the full height of the erections. The well deck, 
owing to the forecastle and high bulwarks, remains dry in bad weather. The space is very suitable for 
shipping structional steelwork and other long material, which can be stowed also along the alleyways 
inside the open bridge ; and for bulky articles such as furniture vans, motor cars and boats, which can- 
not be carried between decks. The vessel shown in Fig. 2 has passenger accommodation arranged in the 
poop. This, of course, is not an ideal position, owing to pitching and to the working of the propeller, 
but is nevertheless popular, and affords good deck space for passengers amidships nbreast the casings. 
The more modern design, Fig. 3, houses the passengers in an erection amidships, leaving the whole of 
the bridge and poop clear for cargo or cattle, with the exception of a short crew space at the after end. 
This arrangement also makes possible the provision of two hatchways aft, thus improving the rate of 
loading and discharging of this space. A further example of this type, but one not fitted with 
any passenger accommodation, is illustrated in Plate 1. A larger vessel, having first-class cabins 
amidships and steerage aft, is also shown in the same Plate. 


The second most numerous liner type is the shelter decker. This is a development of the poop 
bridge and forecastle design, having the well decked in, the tonnage being little affected, as the shelter 
*tween decks are exempt. About three quarters of the total number of this class in service have been 
built since the War, and the arrangement appears to be growing in popularity, particularly for cargo 
liners. A great deal of freight in the coasting trades is light and bulky and large capacity is most 
desirable. Modern proportions are as follows :— 


Breadth moulded = Tenge + 11°5 feet. 
with Breadth moulded __ 5 1°45 at 200’ 
Depth moulded to shelter deck ~ 15 at 270' 


and assuming 7’ 6” shelter tween deck height. 


The above relationships give typical dimensions of 200’ x 31:5’ x 21°7' and 270’ x 38°5' x 25:7’. 
The tendency in this type again is towards greater beam, and ratio of breadth to depth. The change has 
recently been made, not so much for reasons of stability, but as the only means of increasing capacity 
and deadweight when length and draft are restricted by service conditions. 


a 


The majority of shelter deckers below 240’ have machinery aft (vide Fig. 4). In some of these a 
forecastle is fitted, housing the crew, but the arrangement shown, with the crew space in the ’tween decks 
aft, abreast the machinery casings, is common. Fig. 5 shows the arrangement of a larger ship having 
engines amidships, and accommodation in a bridge, leaving the whole of the ’tween decks available for 
cargo. Another boat of similar design is illustrated in Plate 2. 


The design of vessels for the carriage of large numbers of live cattle presents an interesting problem 
for solution by the naval architect. Ample draft is essential to good seagoing qualities, and owing to the 
small deadweight of the cattle cargo, this necessitates a low block coefficient. On the other hand the 
number of head carried depends upon the deck space available, and for maximum capacity full lines and 
coefficient are therefore most suitable. Again, to avoid injury to cattle, the vessel’s motion must be easy 
and the metacentric height small. The beam is consequently limited, and particular attention must be 
paid to ballasting and loading. 


These conflicting requirements are most satisfactorily met by a ship having a low block coefficient, 
and length considerably greater than that usually associated with her breadth and depth. A ship 
specially built for such service is shown in Plate 2. 


Amongst coasting tramps, the Clyde “ puffers” undoubtedly deserve their place. These little steam 
lighters are very familiar in the Firth. The majority have been built suitable for passage through the 
Forth and Clyde Canal, the locks of which limit their length to about 67 feet. They trade, however, 
largely beyond inland water limits, carrying coal outwards from the Clyde to the lochs in the Firth, and 
through the Crinan Canal to the Western Isles, making the return voyage with cargoes of timber, stones 
and slates. Some even make regular crossings to Belfast. With a crew of three or four and a low coal 
consumption, these boats are very economical to run, and their suitability for such work is abundantly 
proved by the persistence of the type for so many years. 


Fig. 6 shows the arrangement of a typical modern “puffer,” the principal particulars of which are 
as follows :— 


Dimensions 66’ 6” x 18’ 3’ x 9/6”. Raised Quarter Deck 21’ x 2’ 6”. Hold 31’, 5,100 c.f. 
capacity including hatchway. Hatch 24’6’ x 11/6”. Coaming 3’ (to comply with B.T. coal carrying 

: ? Z - , 11 VE 
requirements). Bulwarks to Main Deck, rails to R.Q.D. 4’ 6” Casing on R.Q.D. Engines yr 
Vertical Boiler 14’ x 6’ 3” diameter 100 lbs. W.P. Speed loaded, about 7 knots on 9’ draft. Tonnage 
95 gross, 36 net. 


Steering in the earlier boats was by hand tiller, but the majority trading beyond the canal and 
river now have a wheel and steering shelter as shown. 


Unless employed in restricted service, coasters of 100 feet or more are fitted with a forecastle. 
When a quarter deck is also arranged to protect the machinery aft, a well deck is consequently introduced. 
The scarphing at the break of quarter deck in early vessels of this type having wood decks was poor, but 
the general introduction, in the ‘eighties, of iron in their construction, greatly improved these 
arrangements. 

The information in Table VI. and the sketches (Figs. 8 and 9) have been prepared to illustrate the 


development in the design of well deck, quarter deck coasters during the last 40 or more years. The 
particulars are taken from actual ships, and the comparison is considered to be fairly typical. 


TABLE VI. 


Built 

Material 

Dimensions 
Erections—Q, B, F 

%, Erections 

B/D 

Single or Double Bottom 
Block Coefficient 
Sheer—Aft, Forward 


Approx. Summer Moulded Draft 


Height of Coamings 
Hatchways 


Approx. Grain Capacity (inciting) 


» Bunkers 
GRAD. aval... 
Engines... 
Boiler—Diameter and Length... 
Heating Surface, W’king Pressure 


1a 


Particulars as for 1, 
except as stated 


below. 


1928 
Steel 


soe} 120' & B16 EX 11’ 


45:2 92 19° 
61% 
2°12 

Single 
"72 


16” 48” 
10'7}"" 


3/3” 

1 at 33’ x 18’ 
13,800 c.f. 
41 tons 
287 104 
154" x 38"/24”" 
11'6" x 10' 
1210 140 lbs. 


34’ 0 19! 
44% 


10' 54!” 


16,500 c.f. 


255 131 
320 BEP 


Diesel Engine 


* Bridge reduced to 9’ in 1904. 


DEVELOPMENT IN DesIGN OF RAISED QUARTER DECK COASTERS. 


1883 
Tron 
121! x: 204% TOL7” 
46" ©. 91/% 35! 
74%, 
1°89 
Single 
62 
18”. 84! 
9'103” (1891) 
1'6" 
lat 10’ x 6’, 1at3'4” x 6’ 
7,200 c.f. 
40 tons 
223 = 64 
18}" x 33'"/21” 
£173" 5¢9°6"" 
950 80 Ibs. 


160' x 25’ x 11'8” 


Ob! O'S 28; 
79% 
2°14 
Double 
‘74 
ag! or 
11'5}" 
3'6" 

2 at 28’ 8" x 16’ 
26,500 c.f. 
62 tons 
499 204 


13" x 21" x 84/24" 


13'3''« 10'6" 
1510 180 lbs. 


+ R.Q.D. increased to 85’ in 1892. 


160’ x 28° 11'6” 
49't 7 24! 
50%, 
2°0 
Single 
68 
1S S8z 


t | 10'9}" (1898) 
1 11'-0" (1906) 


za 
lat21’x 9’, 1at24' x 9’ 
17,000 c.f. 
22 tons 
337-148 
19” x 36"27" 
1089 %¢:956" 
930 180 lbs. 
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It will be noticed that for the smaller ships having approximately the same length, the proportions, 
block coefficient and sheer are all increased in the modern example (1), while the cargo capacity is nearly 
double that of (2), with greatly increased hatchways, and little obstruction in the hold. The ship (2) was 
modified in 1904 by the reduction in length of the bridge, and consequent increase in hatchway 
dimensions. The machinery of (1), though of much greater power, is installed in a smaller space and 
further aft, this probably being largely made possible by the fuller form. The arrangement (1A) 
demonstrates the further increase in cargo space consequent upon the fitting of Diesel machinery. In 
this ship no bridge is fitted at the R.Q. deck front, the officers and engineers being housed in the casing 
over the motor room, leaving a small light and air space in way of the funnel only. Although the gross 
tonnage is reduced from (1), the net tonnage of (14) is greater, owing to the small allowance for propelling 
space. This increase in net tonnage and the reduction in draft and hence in deadweight, due to shorter 
erections, largely offset the benefit of greater cargo capacity. 


The comparison between the 160 feet vessels (3) and (4) shows similar modifications in design. The 
advantage of (3) over (4) as regards carrying power is even more in favour of the former than indicated by 
the capacity figures ; (4), if loaded homogeneously, would be badly down by the head, and the space forward 
of the fore hatch was therefore usually left empty or boarded off when carrying coal cargoes. This ship 
was extensively altered in 1892, by extending the quarter deck forward to the amidships bridge house, the 
additional cargo space aft improving her laden trim, and bringing her arrangement into line in this 
respect, with her modern sister (8). A cross bunker, forward of the boiler room bulkhead, was fitted, at 
the same time. The long water ballast tank and engineers space between decks abaft the engine 
room seem for modern practice a waste of valuable space, but as in the smaller ships, the block 
coefficient probably had considerable influence over this arrangement. Representative raised quarter 
deck coasters are illustrated in Plate 8. 


Double bottoms were fitted in some small vessels as early as 1865. The majority of well deck 
coasters of recent build are so fitted, with the exception of small craft of less than 150 feet length, in 
which the open bottom is still most common. 


Within the limits of size considered in the paper, raised quarter deck coasters may be divided into 
three general types :— 


1. 120ft.-150ft. Single bottom, 55%-60% erections. 
2. 150ft.-220 ft. Double bottom, 75%-78% erections. 
3. 220ft.-250ft. Double bottom, 72%-75% erections, with a deep water ballast tank amidships. 


The charts (Fig. 11) have been prepared from the analysis of data of a considerable number of 
actual ships from various builders. They refer to raised quarter deck coasters having machinery aft, 
of the three types enumerated above, having large hatchways, with good sheer and erections covering 
the length shown, and of normal height. The arrangements are sketched at the foot of A. The 
charts have been examined by one or two naval architects, expert in the design of such vessels; and 
while no designer would rely exclusively on general data of this type, the information is, nevertheless, 
put forward with confidence asa guide to good modern practice, and is thus employed at the present 
time by one shipyard. The charts are presented in as simple a form as possible, consistent with 
accuracy, and the number of curves reduced to the minimum. 


It has been found that for average practice, within the limits of length set forth above, breadth 
moulded, depth moulded to upper deck, speed and block ccefficient for this type, may all be expressed as 
linear relationships to length of ship. 


Thus B 


L 
iL sy es i00 + 8 feet. 


L 
and D= 6x t00 + 3 feet. 
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: B B 
Typical valnes of Fy and of 457 moulded (summer) 


pared with the Board of Trade standard for coal carrying vessels are as follows :— 


represented by these expressions and com- 


z : (B. of T.) 
Type 1. 120 ft. 214 2-25 2°13 
Type 2. ‘180 ft. 2-08 2-17 210 
Type 3. 250 ft. 2°04 2°22 2°04 


The proportions from the chart are thus more favourable than the Board of Trade minimum” but 
agree closely with the standard for minimum permissible stability laid down by Mr. Watt in his paper on 
the “Stability and Seaworthiness of the Collier.” Variation in dimensions should be in the direction of 
increased proportions of breadth to depth, particularly in vessels having deep hatchways and quarter decks 


of more than usual height. In vessels of the larger type 3, restrictions in draft often lead to PD tatios in 
excess of those derived from the chart. 


Speed for ships of the same length cas to vary little, but increases as length increases. The 
speed on a fair weather trial of several hours duration, not for a “burst”? on a measured mile, may 


therefore be represented by V = °8 x re + 8°3 knots, associated with an appropriate block coefficient, 
L 


For instance, from the above expressions :— 


Cy = 
—™- 
L Vv at Cy 106 — "5 
120 ft. 9°26 “845 Cy *64 
180 ft. 9°74 “78 "74 “695 
250 ft. 10°3 “65 ‘775 "735 


The block coefficients of these coasters are thus well in excess of those which would be considered 
suitable, at the speed length ratios obtaining, for vessels of larger size, as derived from the well known 


relation Cy, = 1:06 —*5 JL in the last column. This increase in block coefficient is greatest in the 


smallest ships, which are consequently the most severely overdriven. 
Block coefficient may be related to speed length ratio for a 180 ft. coaster, for instance, by the 


expression 1°105 — > j-and consequently for any designed speed differing from that given on the 
chart for this length of ship, a suitable block coefficient may be derived, using this modified 
constant 1°105. 


Although a number of coasters have coefficients greater than those given by the first relation, it is 
doubtful whether they could be relied upon to maintain good sea speed except under very favourable 
conditions. There now appears to be a tendency, probably for this reason, towards slightly finer forms. 


The curves of admiralty coefficient, and I.H.P. for loaded trial under the conditions stated, are not 
considered as reliable as the remainder of the information, owing to the comparative scarcity of accurate 
data for load trials, and to the notorious variation in performance of similar ships. The figures given, 
however, err on the safe side of the cases analysed, and of usual estimating practice. 
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On the chart B are shown, on a base of cubic number, weights of net steel, wood and outfit, and 
machinery, which together make up the light ship. From this, for the dimensions and block coefficient 
laid down in A,a corresponding deadweight curve has been derived. This curve has also been transferred 
to A. Net steel includes plates, angles, packing, moulding, rivets and main forgings. The 
remaining items of hull weight, including castings, smithings and cement, are grouped in wood and 
outfit. The weights, of course, vary according to the extras fitted and the arrangements adopted, but 
fluctuate about the lines shown. ‘The base of cubic number has been adopted for B, to enable the curves 
to be directly applicable to vessels whose dimensions do not coincide with those given in A. 


To illustrate the use of the charts, the principal particulars of a vessel to carry 1,000 tons deadweight 
may be determined as follows : 


From A, 1,000 tons D.W. corresponds to a length of 187 ft., and Type (2). At 187 ft., again 
from A, 
B = 29°5 ft., D = 14:25 ft., d = 13°5 ft. (summer), 
Cy = °7435, V = 9'8 knots, I.H.P. = 685, and A.C. = 188, 


LxBxD_ 785 and hence from B, 
100 
Net Steel = 355 tons 
W.& O. a 
Machinery = 134 ,, 
. LightShip = 601 ,, 


for ‘7485 Cz, Load Displacement = 1598 ,, 


. Deadweight = 997 ,, 


1598" x 9°8° 
ACOs ere See Sy 
and A.C 655 


The deadweight and admiralty coefficient, determined as above, check the data derived from the 
charts—the two parts, A and B, being interdependent. 


A special type of raised quarter deck coaster designed for the coal trade to the upper reaches of the 
Thames is illustrated in Fig. 7. Some of these craft pass under more than a dozen bridges above the 
Pool, and their length, draft and clearance from the bridges when in ballast condition are consequently 
all strictly limited. The ship shown has large fore peak and deep tanks, reduced sheer forward, and a 
sunk forecastle, and is fitted with hinging mast, funnel and wheelhouse to enable her to “ squeeze ” under 
the bridges. Navigation of such boats in crowded waters must be a really trying experience. 


Arrangement of the crew space in the sunk forecastle has not been found suitable, the whole of the 
crew in recent ships being accommodated in and abaft the bridge. The behaviour of ships of this extreme 
type at sea appears to be very sensitive to the height of platform forward. One captain, engaged on a 
regular run from the North-East Coast to the Thames, in such a vessel, definitely states that 2 or 
3 inches in the load trim of his ship makes all the difference in her behaviour when meeting a head sea ; 
whether she will keep her forecastle head clear, or take green seas over continually, making her 
thoroughly uncomfortable and wet on the bridge. In his opinion, ships without a full topgallant fore- 
castle, are not suitable for service in the more open waters, for instance, of the English Channel. Small 
coasters and trawlers often fare better in a head sea than bigger ships, as their length permits them to 
ride over, rather than plunge through, whatever is ahead. There is great variation in the “sea-kindliness” 
of coasters, and though design is partly responsible, there is no doubt that their comfort, and even safety, 
largely rest in the hands of their skippers. 
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III—DAMAGE AND STRUCTURAL DETAILS. 


Reference to structural damage in a paper before this Association savours rather of “ carrying coals 
to Newcastle.” The following remarks concerning troubles to which coasters are particularly susceptible 
are nevertheless offered in the hope that they may lead to statements by colleagues of unusual experiences 
with such vessels. 


Coasting ships, working in crowded waters, and frequently entering or clearing from harbours are 
very liable to damage by collision with other ships, as well as with piers and quay walls. They also 
suffer by chafing against the dock side where there is considerable rise and fall of tide or where the berth 
is in an exposed position. Such damage is generally localised by fitting fenders and chafing strips, 
which may easily and cheaply be replaced, but which should be fitted in such a manner that any 
knocking about they may receive will not affect the watertightness and efficiency of the main structure 
which they are intended to protect. As additional precautions, side shell thickness and riveting are 
sometimes increased, and the shell seams protected by chamfering the plate edges or fitting tapered strips. 


Extra strengthening is necessary to the bottom of vessels loading and discharging aground. 
The nature and extent of such stiffening naturally depends upon the owners’ experience of particular 
trading conditions. Increases confined to the thickness of bottom plating are usually not sufficient, 
additional strengthening to the floors and bottom structure generally being also desirable. Bottom 
shell seams for such service should not be less than double riveted, and the shell riveting generally 
may wisely be increased in single bottoms, and in way of open floors under boilers in double bottom 
ships. Grounding damage is becoming less frequent, probably owing to increased draft at loading 
berths, as a result of better dredging. 


Grab discharging plays havoc with internal structure. Obstructions in holds of vessels subject to 
such treatment should be reduced to the minimum, pillars, bulkhead stiffeners and brackets being kept 
clear as far as possible. Wood ceiling and sparring are, of course, quite unsuitable, and tank top platin 
should be thickened up, and the seams double riveted. Hatch rest bars projecting inside coamings an 
cross ties between hatchways are also liable to damage. 


The structural arrangements of a raised quarter deck collier of modern type call for careful 
consideration. Strengthening at the break at the quarter deck front is fully provided for by the Rules 
of this Society, and being so obvious a feature of this design, is usually well scarphed by the 
expenditure of considerable material. Weakness at this part is therefore not common, but it is 
interesting to note that in one case of heavy pounding damage, the riveting of the diaphragms at the 
break was found started. 


To obtain full benefit for coal trimming, hatchways are made as large as possible and particular 
attention must consequently be paid to the arrangements at the corners of such openings, large doublings 
and also double riveted corner bars being often necessary. 


Efficient centre line support is also frequently impracticable. Sketch B (Fig. 10) shows a 220 ft. ship 
having a hold 135 ft. inlength in which only two pillars are fitted. With such arrangements the bottom 
cannot be considered rigidly supported either longitudinally or transversely, and “ working” may result. 
It is therefore not surprising that in double bottomed ships of this type, margin riveting, forming the 
transverse end connection of the bottom structure, sometimes shows signs of damage. 


The transverse strength at the deck of vessels having two long hatchways close to each other 
depends largely upon the cross tie between the openings (vide Sketch A, Fig. 10). This member must 
therefore be of ample strength to act as a strut, but should be so arranged as to avoid damage by 
grabs or otherwise, during handling of cargo. 


Raised quarter deck coasters having engines aft are notorious for pounding damage to the bottom 
forward. The smaller craft appear to be most seriously affected, and single more than double bottom 
ships. Pounding, and the consequent damage occur, of course, most frequently in ballast conditions. 
The ballast capacity of a 165 ft. coaster having an open bottom may be less than 70 tons, while if a 
double bottom is fitted this figure may exceed 200 tons. The increased ballast draft in the latter case 
tends to reduce slamming. Further, in the single bottom ships, the ballast in the fore peak tank and 
the machinery aft, being weights at a large distance from the centre of oscillation, produce high angular 
momentum during pitching, and consequently when this pitching is suddenly checked by impact with 
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waves, the structure may suffer deformation from the heavy blowatthe comparatively weak part abaft the 
k bulkhead. Pounding also depends largely on the form of the underwater body forward. In 
.Q.D. coasters, owing to their full form, flat bottom sections forward seem to be inevitable. Probably 
most damage occurs during violent pitching, at those occasional horrible moments when this flat bottom 
strikes the wave surface fair and square, making the ship tremble, and sending the water flying out on 
either side. The blow sustained at these moments must be tremendous, and such that no strengthening 
which could be worked into these small ships could resist without some deformation. 

Sketch C (Fig. 10) shows typical pounding damage in a small coaster having a single bottom and a 
capacity of 65 tons in the fore peak tank. 

Sketch D (Fig. 10) shows the comparative depths of single and double bottom structure at the 
fore end of No. 1 hold, for a coaster 165 ft. long. The modulus of one frame space of double bottom 
structure at the centre line is about six times that of the single bottom. The “paper” strength of 
the margin riveting, however, is about one tenth that of the double bottom structure. It is thus readily 
comprehensible that pounding damage in double bottom ships is particularly manifest in these 
connections, which should be increased above normal requirements both inside and outside the 
margin plate. 

The open bottom, owing to its shallowness, is weaker and less stiff and, as a result, more easily set 
up as a whole and deformed locally. Increased depth is therefore most desirable. When no bilge brackets 
are fitted, frames have been found buckled and set in at the hard spot produced at the floor ends. 
Brackets should be fitted to floors in the pounding area whenever possible. 

Pillars on the centre line undoubtedly assist in keeping the bottom down, but to be effective, these 
must be very substantial ; owing to unwelcome obstruction in the hold, they are not often obtainable. 
The light stanchions often fitted are of little help, except as indications by their deformation of the 
extent of setting up. 

A deep tank, usually of MacIntyre construction, is frequently fitted in single bottom ships abaft the 
fore peak bulkhead. This improves matters by distributing the ballast forward, by increasing the draft, 
and also the strength aud stiffness of the bottom forward. 

Owners, naturally, have their individual ideas as to what strengthening, if any, is desirable, above 
Rule requirements, to reduce pounding damage. This may take the form of additional shell thickness 
and riveting, double shell lugs to intercostals and the fitting of intermediate bottom frames between 
floors. These latter, particularly where frames are closely spaced, have the disadvantage of reducing the 
shell connections to intercostals. 

In way of single bottoms, intercostals are frequently lugged to the floors, and deep girders fitted on 
centre and side keelsons. 

Broadly speaking, it may be said that pounding trouble in raised quarter deck coasters is least in 
ships having god ballast draft forward, easy form of bottom sections, and deep bottom structure, with 
strong riveted connections. 


IV.—CASUALTIES. 


Treatment of the subject of this paper is not complete without some reference to the losses of coasting 
vessels which, unfortunately, have recently taken place. 

From the Wreck Returns published by this Society an analysis of ship losses has been made for 
the years 1922 to 1928. Owing to complete returns not yet being available, it has been impossible to 
include the figures for 1929 in the analysis. The cases considered have been limited to the following:— 

Vessels having gross tonnage between 100 and 1,500 tons owned in the United Kingdom ; 

Steel and iron steamers and motorships, thus excluding wood and sailing ships and those 
fitted with auxiliary machinery ; 

Ships abandoned, foundered or reported missing. (Several vessels have been abandoned or have 
foundered as a result of such perils as mines and pirates, and have been excluded from this 
analysis as not representing losses due to usual “ deep sea risks.” ) 
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Table VIL. shows the quarterly and annual losses toships of the above description. The totals of 
vessels carrying coal cargoes are separately shown in i/alics, but are also included in the general totals. 


TABLE VII. 


U.K. STEAMERS AND MOTORSHIPS, BETWEEN 100 AND 1,500 G.R.T. 
ABANDONED, FOUNDERED, OR MISSING. 


prhlice Ist 2nd oe eal a ath “Annual 
es hed Sh te nee Ae eS 
1922 59 ao pee? aa 4 6 15 
1923 InS 1 1 ae 20K6 3 18 
1924 1 8 J auf 14 6 5 14 
1925 1 6 3 dey 18th, egumtis 
1926 3 — — Jan? Tw 5 
1927 14 2.38 — oh. cf 6 14 
1928 7). 4 2 | if 4 aes We 
TorTaLs 1992-28 10 37 3 10 3 10 6 385 22 92 


ToraLs Ist and 4th Quarters—Winter 16 72 
1922-28 | 2nd and 8rd Quarters—Summer 6 20 


Coal carrying vessels included in totals are also shown separately in italics. 


Conclusions drawn from the study of statistics covering a comparatively short period of seven years 
may wellbeinaccurate, andcomment onsuch information is consequently offered with reserve. The annual 
losses, however, appear to be somewhat on the decline, a statement which receives confirmation from the 
provisional information for 1929. It should be borne in mind that, owing to the restriction of traffic in 
1926 during the Coal Strike, the figures for that year are not truly comparable; during the last quarter of 
1927, on the other hand, the losses were seriously augmented by the disappearance of four ships during one 
spell of very heavy weather. 


The large proportion of casualties during the winter compared with the summer quarters is very 
noticeable. For the whole term of seven years, this proportion averages 3°6 to 1. As the majority of losses 
occur during heavy weather, the winter quota is naturally higher, but the relation between weather and 
casualties has been investigated in the following manner. 


Through the courtesy of a firm of coasting shipowners maintaining regular services between the 
Thames and Clyde, via the Channel and Irish Sea, a list has been prepared showing the total sailings 
in each quarter, for the years considered. The list also shows the corresponding number of voyages on 
which, as a result of unusually bad weather, a “ protest’’ by the captain has been noted. The * protest” 
referred to is the usual affidavit sworn by a captain under such circumstances, and is required by under- 
writers in the event of claims by owners of cargo for damage due to perils of the sea. 
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The 1929 information, for example, is as follows :— 


VOYAGES. 
Quarter. We imas 7 et Soa Po. aN. Sra 
Total. * Protests.” eet iy or} 
1 48 4 83 % 
2 54 0 0 
3 51 0 0 
4 52 12 238°1 


The figures in the last column reflect the quiet weather conditions obtaining during the summer, 
followed by the December gales, which are so fresh in our memories. Owing to the number of ships in 


E “ Protest ” 
the service, the personal factor is reduced and the percentage —sp5,;— may, therefore, be con- 


sidered as a fairly reliable British coastal ‘‘ Weather Standard.” For the whole period corresponding to 
that of the losses tabulated it is, consequently interesting to note that the average ‘“‘ Weather Standards” 
for winter and summer periods are 22 % and 6 % respectively, the proportion of the two standards being 
almost exactly that of the corresponding casualties. The relation between ship losses and weather con- 
ditions is, in this way, rather remarkably demonstrated. 


The casualties have also been subdivided into size and type of ships, the results being set forth in 
Table VIII. While again emphasising the difficulty of drawing accurate conclusions from data for so 
short a period, the following remarks are offered :— 


(1) Aggregate losses are most severe amongst coasters of the R.Q.D. type, those for trawlers taking 
second place. Considering the losses, however, in relation to the total number of ships of the type, the 
“risk ” for R.Q.D. coasters is more than three times as great as that for trawlers. 


(2) For the R.Q.D. coaster type the losses are most severe in the two groups of tonnage, 200-500 and 
500-1,000. The corresponding “risks” are also greater, but with less pronounced differences from 
those for the smaller and large sized ships. 


(3) Coal carrying vessels represent over 40 % of the total casualties to R.Q. Deckers. 


With regard to (1), the seaworthiness of the trawler with big sheer and freeboard and small deck 
openings compares very favourably with that of the tramp coaster, whose trading conditions have led to 
large deck openings and also to wells. Further, the trawler spends a great deal of her life at sea either 
riding, or steaming slowly, whereas the coaster is always pushed along as hard as the weather will permit. 
These facts explain to some extent the difference between the losses in the two types. The relative “risks” 
referred to in (2) appear reasonable. The smallest craft generally work in restricted service never far 
from shelter and their losses from deep sea causes are consequently lower. For sea going ships, on the 
other hand, the chance of total loss diminishes as the size of ship increases; so that it is found that 
casualties to small craft between 100 and 1,500 gross tons, average about 70% of the losses for vessels of 
all sizes above 100 tons. 


It should be borne in mind in connection with the statement (3), that the coal trade represents a 
large proportion of the total coasting traffic, as mentioned in the Statistica] section of the paper. 


The losses to coasters of liner type are fortunately low, and no shelter decker appears in the list. 


TABLE VIII. 
U.K. Steamers AND Mororsurps, 100-1,500 G.n.T. ABANDONED, FoUNDERED OR MISSING. 
GROUPED ACCORDING TO SIZE AND TYPE. 


TYPE B,F QF P,Q, orB FLUSH TRAWLERS, OIL OTHER 
ane Broaly we Poe no F DECK WHALERS, | TANKERS || TYPES | TOTALS 
i} 
2 |S Ty Jel8le Sf. Sle 2/8le _| ols Sle <4 
g/3|2|2 2 2/3 /3/3|/=|2algis i$ /3/22/s |e |S |= \2 2/3/85 /2 23/3/8212 4/8 (8 (8 eie3 
GET. 1313/3 /8|S8 |S lals(Slesisis isisissis isis isiseisisis sige ls isisisisolsieisiSige tee yo 
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Coal carrying vessels included in totals are also shown separately in italics. 
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Every casualty occurs, of course, under a separate set of conditions ; and many have been in- 
vestigated by Board of Trade Inquiry. The disasters to coal carrying vessels recently formed the subject 
of study by a special committee whose recommendations in three reports were put into operation by 
Board of Trade Circular 1665, in October, 1927. Experience has shown that where hatchways on 
freeboard decks exceed 60% of the breadth of the deck, their covering and security are of more than usual 
importance. When a ship has less broad hatches, or has proportions of breadth to draft falling below a 
certain standard, trimming of the coal cargo may be necessary to ensure safety, when carrying certain 
types of coal cargo. The Board of Trade Instructions make special provision to minimise these dangers, 
and although the requirements have not been in force for a period sufficiently extended for any general 
conclusions to be drawn as to their effectiveness, only one coal carrying vessel below 1,500 gross tons was 
lost in 1928. At the subsequent inquiry into this loss, it was found that the newly laid down 
regulations for such ships had not been complied with, ignorance of their existence being pleaded. The 
1929 returns so far available also show improvement, particularly for small vessels. 


Water finding its way into ballast tanks through air pipes on freeboard decks, particularly in wells, 
is believed to have contributed to the loss of several coasters, and has certainly caused anxiety to a 
number of skippers. Vent pipes on well decks, which in bad weather are frequently full of water, 
cannot be raised sufficiently above the deck to avoid the possibility of sea water passing down, and some 
means of closing, by plug or even by a canvas cover when at sea, is most advisable. The Load Line 
Committee’s Report, issued in August last, acknowledges this danger by recommending that :— 


““Where the air pipes to ballast and other tanks extend above freeboard or superstructure decks, 
the exposed parts of the pipes are to be of substantial construction; the height from the deck to the 
opening is to be at least 36 inches in wells on freeboard decks, 30 inches on raised quarter decks, and 
18 inches on other superstructure decks. Satisfactory means are to be provided for closing the 
opening of the air pipes.” 

This Report also embodies, as general requirements, the specification of material for hatch 
tarpaulins, and arrangements for lashing hatchways exceeding 60% the breadth of deck, similar to those 
at present laid down in the Board of Trade regulations for coal carrying vessels. 


In other respects, also, the danger of loss to coasting vessels is being reduced. It has, for 
instance, become the custom in recent years for most shipyards to incline all their vessels, and to supply 
stability information to owners. Though such data is sometimes not fully appreciated by masters and 
superintendents, it nevertheless is of definite value in drawing attention to the importance of stability, 
which has too frequently in the past been given scant consideration. 


Again, the latest regulations for carrying cattle, although much criticised for their 2 nace 
severity, have, by their strict penning requirements, reduced the danger to a ship of cattle shifting. 
Such shifting was found to have been responsible for the loss of a coasting cargo and cattle steamer in 1924. 
The value of the various requirements of this Society, based on the experience of many years, is so 
universally recognised, that no more than passing reference is here necessary. 
It may be said then, that the risk of total loss to coasting vessels is decreasing, and that the 


additional regulations and control imposed on their design and operation are well worth while if they 
contribute towards this reduction, and consequently towards safety of life at sea. 


In conclusion, the author wishes to record his gratitude to several friends, whose interest and 
willing co-operation have greatly added to the pleasure of preparing this paper. 
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PLATE 1. COASTING TYPES. 


PASSENGER AND GENERAL Carco. 


P.B. and F. 2300 o.r.1. 


Generat Carco. P. and B. CompineD, and F. 1050 


G.R.T. 


PLATE 2, COASTING TYPES—Continued. 
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Carrie or Generar Carco. Suerrer Deck. 1590 G.R.T. 


PLATE 3. COASTING TYPES—Continued. 


Carco. Q.B. and F. 950 G.R.T. 


Carco. QO.B.and F. 600 c.r.r. 
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Carco. Q.B. and F. 260) G-Rir. 
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DISCUSSION ON Mr. R. B. SHEPHEARD’S PAPER 


ON 


sho) Avie LIN, Ge ai ELS Boies 


Mr. 8S. TOWNSHEND. 


I congratulate the author upon his comprehensive and efficient treatment of the subject ‘‘ Coasting 
Vessels.” He has gone into the whole matter very thoroughly. His data upon design and construction and 
references to damage and structural details should be very useful and helpful. 

Table I shows that the improvement in the General Coasting Trade of the United Kingdom from 
1920 to 1929 is relatively very small. The author thinks the position is gradually improving, and, 
provided business and trade be allowed to develop on economic lines, there is a prospect of great expansion 
of coasting services round our islands. I wish 1 could think the same, but it appears that the improve- 
ment indicated in Table 1 is not in proportion to the general improvement in the trade of the country. 
Table IV indicates a steady decline in the numbers of British Coasting Vessels since 1922 and this might 
support my impression. In this connection it might be mentioned that the tremendous growth of road 
transport within the last ten years is a menace not only to the railways but to the sea-ways. The door- 
to-door delivery of goods involving no intermediate handling has an advantage both economic and 
practical which cannot be refuted. I should be glad to know the author’s views of the contradictory 
evidence of Tables I and IV. 

Table V is very instructive. It shows, in addition to the points mentioned by the author, that the 
percentage of old ships 20 years of age and above gets less as the size increases. Does this mean that the 
larger ships suffer or have suffered more casualty than the small ones, or that large ships wear out and 
become obsolete sooner than small ones? The evidence of Table V might in some measure appear to 
conflict with Table VIII, which shows the highest casualties amongst ships from 200 to 1000 tons. But 
if the figures had been expressed as percentages of the total number of ships of each class Table VIII 
might present a different picture. 

The ability of the Clyde “puffers” to make regular crossings to Belfast speaks well for the sea- 
worthiness of these tiny craft and for the efficient way in which they are handled. Would the type of 
“puffer” illustrated in Fig. 6 be allowed to trade to Belfast ? 

The modern idea of thickening plating to resist local damage is, as the author says, not alone 
sufficient, and I agree that additional strengthening to the floors and bottom structure is desirable in 
vessels which load and discharge whilst lying aground. 

The scantlings of the bottom structure of a ship are based upon the assumption that at least one row 
of pillars is fitted to support the structure against the upward pressure of the water. If no centre support 
is fitted it seems quite natural to ask for some extra strengthening, but 1 believe this aspect of the case 
is not always fully considered. The large number of cases of damage to the bottom of small coasters may 
possibly be due to insufficient compensation being arranged when centre supports are omitted. The 
connections at the margin require particular attention. Where long holds are arranged in conjunction 
with long hatches similar conditions prevail in way of the hatches, even if centre supports are arranged at 
the hatch ends. 

In arranging substantial supports on the centre line as suggested by the author, care would have to 
be taken that efficient abutments are arranged at the heads of the pillars, otherwise their effectiveness 
might be impaired. 

The author states that the “risk” for R.Q.D. coasters is more than three times as great as that 
for trawlers, and also points out that the losses in coasting ships are most severe in the groups of tonnage 
200 to 1000. In the discussion on Mr. Watt’s paper “The History of British Freeboard Regulations,” 
read to this Association in November, 1923, I gave an analysis of the 1916 Loadline Committee’s curve 
of freeboard, and I deduced, from elementary principles only, that little ships should have their freeboards 
increased. Mr, Shepheard’s statistics appear to confirm my deductions in rather a striking manner. 
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Mr. W. Warr. 


The development of the “ Dirty British Coaster” is an entrancing subject, and we welcome 
Mr. Shepheard’s contribution alike for the subject and the very able treatment it has received at his hands. 

I have devoted considerable time and labour to a study of the subject, and Mr. Shepheard has been 
good enough to refer to my contribution to the transactions of the Association in 1925. 

Coastal navigation must always be attended with greater risk than ocean navigation ; the waterways 
are more crowded and a rocky shore is always near. The section on casualties is therefore of primary 
importance. The particulars given in Table VII on page 16 are, therefore, interesting. The outstanding 
fact is the number of casualties in the first and last quarters of the year, 84 to 1 of the casualties of 
the second and third quarters. It is also noted that about one-fourth of the casualties are sustained by 
colliers. As this represents approximately the ratio of colliers engaged in coastal service, it would appear 
that collier losses are not abnormal. I think, however, that the losses of coastal passenger ships must 
be negligible. 

In a comparison made in this office some years ago, it was shown that the greatest risk of casualty 
was during the first five years of a vessel’s life. This is a startling figure, and the reason is not easy to 
find. Captain Pedder, in his paper on the preparation for the overseas voyages of unusual types of craft, 
called attention to the necessity of the engineers becoming familiar with the pumping arrangements before 
proceeding to sea on a maiden voyage. A case was brought to my knowledge recently of an incident 
which might have ended in disaster. ‘T'wo sister vessels were engined by different firms, and the positions 
of the bilge and ballast lines were reversed. The shipyard plumber, however, affixed the name plates in 
the same positions in both vessels. When the ballast tanks were being run up in preparation for the trial 
trip, the vessel showed unexpected signs of tenderness, and an examination revealed the fact that the 
main hold was being flooded instead of a ballast tank. The mistake would, in all probability, have been 
discovered during the testing of the pumps, but it contained the genesis of a disaster. 

Open ended air pipes in the well have contributed to more than one loss, as have also unprotected 
ventilators. 

The large hatchways now fitted in modern colliers call for special care, and the Classification 
Societies and the Board of Trade have very rightly stiffened the regulations relating to the height of 
the coamings and the method of securing the covers and tarpaulins. Coamings are now required to 
be as high as the bulwarks. 

T have discussed this question of loss with several captains. The general impression conveyed by 
their remarks is, that until a vessel has encountered really serious conditions of weather the captain is 
uncertain as to her behaviour. In one case the vessel was not really tested until she was over three 
years old, and then was nearly lost through pooping a sea which entered the stokehold by means of the 
casing door and a coal scuttle and put out the boiler fires. In another case after two years’ experience, 
during which every precaution was taken in the closing and battening of No. 1 hatchway, and but little 
attention given to No. 2 hatchways on the raised quarter deck, a heavy gale was encountered and seas 
broke over the ship abaft the short bridge, the covers of No. 2 hatchway were stove in and the ship 
narrowly escaped disaster. 

Many of the coasting vessels have to make the return voyage in ballast, and this has led to an 
increase in the amount of water ballast carried. An attempt is now being made to reduce the amount 
of water ballast spaces exempted or deducted from the tonnage measurement of the ship. This is, 
I think, a very unwise procedure. The Tonnage Committee of the League of Nations, in their Geneva 
Report issued in 1928, give a Table of maximum deductions on this account, the allowance being based 
on an investigation made into a large number of cases. For ships built in 1927 the reports show that 
the average water ballast in percentage of gross tonnage was 9°7 for ships 2,000-1,000 tons, and 10°5 for 
ships 1,000-500 tons, with a maximum value of 13°9 and 11°8 respectively. 

It is proposed that the maximum allowance shall be 13 per cent. for ships 2,000-1,000 tons, and 
14 per cent. for ships under 1,000 tons. 

The basis of the investigation, however, is very unsatisfactory and misleading, as it does not give 
the true relation between the tonnage of the ship with ballast spaces and that of a similar ship without 
any ballast spaces. The true percentage of ballast spaces is only from half to one-third of that given in the 
report. It is to be hoped that the matter will be reconsidered before such recommendations are adopted, 

It seems idle to cavil at a few tons water ballast space, when in a shelter deck ship 25 per cent. of the 
space is exempted from measurement, 
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Speaking about exemption from tonnage spaces recalls the famous “ Bear” decision, for it was in 
connection with the tonnage exemption of such spaces in a coasting vessel of the open poop, bridge and 
forecastle type, so common in the Clyde, Belfast and Liverpool trade, that the famous decision was given, 
and it is interesting to note that the umpire in this case was a surveyor to this Society. 

The decision referred to the spaces between the upper and superstructure decks, the wells being 
covered over with a portable deck. It was decided that with such portable decks the space was not an 
enclosed one within the meaning of the Act, and consequently was entitled to exemption from tonnage 
measurement of the ship. 

The Regulations in this respect have never been altered, and this is the foundation of the exemption 
from tonnage measurement of the shelter deck spaces in tonnage opening shelter deck ships, and also the 
exemption of detached superstructures, whose openings are closed with temporary closing appliances. 

It has been the practice hitherto to require a number of overboard scuppers from the tonnage 
exempted shelter deck spaces. Such open scuppers have had a very serious effect on the range of 
stability of small coasting ships of this type, many of which have only six inches of freeboard. The 
Geneva Committee have now recommended that :— 

“The existence or non-existence of scuppers within open spaces will have no influence on the 
treatment of such spaces from the point of view of tonnage measurement.” 

This recommendation has been adopted by the Board of Trade, and the drainage from the main 
portion of the shelter tween deck space may now be led direct to the engine room bilges. This will 
effect a marked improvement in the stability range of such ships. 

Mr. Shepheard has evolved a standard design for coasting colliers based on average modern practice, 
and full particulars of the properties of this design are given in Fig. 11, A and B. 

The information contained in this will be of the utmost value to designers of this type of ship. 

Some time ago I attempted to evolve a similar design and a close analysis of the author’s figures 
shows that there exists a very remarkable unanimity in the results obtained. It may be of interest 
therefore to give the following particulars of my investigations. 

Coasting Colliers 100 ft. to 250 ft. in length :— 


L L : 
pe i0 + 10 at 100 ft. to 10 + 12 at 250 ft. 
B 


a = 2°2 at 100 ft. 2°05 at 250 ft. 
Erections 50 per cent. at 100 ft. 70 per cent. at 150 ft. to 250 ft. 
LENGTH. 100 ft. 150 ft. 200 ft. 250 ft. 
Mid. draught 
Mid. depth — 947 960 94 918 
Sheer = 50 per cent. excess. 
Length ... ioe ie “ey 100 ft. 150 ft. 200 ft. 250 ft. 
Breadth ai ose Pk 20 ft. 25°66 ft. 31°32 ft. 37 ft. 
Depth ... a an S05 9-1 ft. 11°94 ft. 14°9 ft. 18°04 ft. 
Mid. draught... ae see 8°62 ft. 11°46 ft. 14-0 ft. 16°56 ft. 
Erections ce ies -.-| 50 per cent, 70 per cent. 70 per cent. 70 per cent. 
Block Coeff... oe ie “702 “728 “754 “78 
Mild. displacement oF ah 346 tons 918 tons 1890 tons 3420 ft. 
Extreme displacement ... Se 350 tons 923 tons 1900 tons 3430 ft. 
Sped = 83 + ‘08L. 
LA.P. = 56L — 280 (for vessels 150 ft. to 250 ft.). 


Block 


Coot (= 65 + 6°00052L. 


q 


Weichts, displacement and deadweight were plotted for the above and from the results the following 
straight line formule were deduced :— 


F al Dette AGB D 
Displacement tons = 2°05 (=) 
te EBD Ys 
D.W. tons = 1 40(400 ay) 130 
LBD 
VT, f cd 
Net steel °373 (A) + 70 
: : LBD 
Machinery ‘12 (ae 50 ) + 40 
Wood and Outfit 107 (=) 43090) 
100 
. LBD 
ship *60 (——— 13 
Pop 50 ( 100 ) bial 


Dr. L. Isseruis. 


IT should like to express my appreciation at having been invited to this meeting and being given an 
opportunity to hear Mr. Shepheard’s interesting paper and the discussion that has taken place. I join in 
congratulating the author on his paper. In the statistical section the material has been excellently 
presented and the effect of railway competition on the progress of the coasting trade is well brought out. 
Now that 1 see the use Mr. Shepheard has made of the material with which the Chamber had supplied 
him, I am very glad to have been able to assist him in that way. 

I am particularly interested in the paragraphs dealing with the trend in modern design of coasting 
vessels, especially as regards the increase in water ballast spaces. Iam glad to hear Mr. Watt’s remarks 
on this subject, as proposals for international tonnage measurement are now under consideration which, if 
adopted, would seriously prejudice British vessels of this modern type. 


Mr. W. T'Homson. 


Mr. Shepheard’s paper deals in an exhaustive manner with so many phases of the design and 
properties of coasting vessels that it is hardly possible to touch on them all, and I will, therefore, confine 
my remarks to the section dealing with damage and structural details. 

Damage, in vessels of this type, is practically confined to the bottom, as modern methods of designing 
the structure at the break of the raised quarter deck have practically eliminated trouble at that part. On 
the other hand, it would hardly be too much to assert that no coasting vessel is long in service before 
repairs to the bottom are required. Such damage is usually attributed either to grounding or to the 
slamming of the bottom forward when the vessel is in ballast trim, but the nature of the repairs required 
is much the same in either case. The first question which occurs is to examine the vessel as a whole to 
determine how far it is suitable to resist such stresses, and the immediate conclusion is that it would 
hardly be possible to design a structure more unsuitable to withstand severe bottom stresses. 

The girder consists of a box-like arrangement having a bottom and sides but practically no top, and 
very little reflection is needed to show that its capacity to resist heavy outside loading on the bottom is 
very small. So far as extensive setting up of the bottom is concerned, it does not appear to be possible to 
prevent this, short of altering the whole nature of the design in such a way as to handicap the vessel from 
a commercial standpoint. 

While this fact must be faced, it should, however, be possible to do something to minimise damage 
of a purely local nature and to reduce the number of cases in which wavy bottom plating is reported, the 
number of these cases being great enough to warrant some steps being taken. 

An examination of damage reports suggests that vessels having double bottoms are just as liable to 
damage as those having single bottom. As the double bottom floor girder is so much stronger than the 
floor in a single bottom ship it would hardly appear to be practicable to obtain appreciable benefits by any 
reasonable increase in the scantlings of the floors. Some improvement could possibly be effected by closing 
up the frame spacing forward by two or three inches, which would give a considerable increase in 
strength without much additional weight. 
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It is suggested, however, that the most effective method of minimising trouble would be to provide 
a substantial increase in the bottom in the thickness of the plating, say from °34 ins. to *50ins.; the trifling 
increase of °02 ins. which is sometimes proposed is far too small to make any difference. 

The author states that grounding damage is becoming less frequent. It is not known on what 
grounds this statement is made, but the records of small ships show that about twice as many damages 
are attributed to grounding as to heavy weather. The suggested increase in the thickness of the shell 
would be a very etticient means of reducing the number of such cases, and is commended to the attention 
of all rots | 

The first cost would not be large, and a perusal of damage reports indicates that, even if only partially 
successful in attaining the object desired, it would prove very economical in the long run. 


Mr. 8S. T. Brypen. 


I wish to thank Mr. Shepheard for a most valuable paper, and particularly for the section dealing 
with the design of coasters. 

I have little to say in the way of criticism, but think it unfortunate that Table I excludes the 
ere statistics for Ireland, as the coasting trade with that country is quite a large percentage 
of the whole. 

Table II is reassuring in showing the decrease in the amount of laid-up tonnage since 1926. 

Turning to the section relating to design, would Mr. Shepheard kindly give formule for the most 
suitable relations of length, breadth and depth for the ideal cattle-carrier similar to the formule for the 
ordinary coaster given on page 8. 

As regards the ‘“ heavy-weather” damage indicated in the Fig. 10C, I should say that it is 
exceedingly rare to find a single-bottom coaster of any age which has not a permanently set-up bottom ; 
it is probable that vessels of this type increase their deadweight year by year with increase of hog. 

It would appear, from Table VIII, that coal-carrying coasters are not really more subject to total 
loss than vessels carrying other cargoes, for about 32 per cent. of the casualties shown (excluding trawlers) 
are coal-carriers, whereas on page 5 ib is stated that coal represents about 30 per cent. of the total British 
coasting traffic and 50 per cent. of the tramp tonnage. 

On page 19, Mr. Shepheard mentioned the loss of a cattle-carrier in 1924, 1 should be interested to 
learn particulars of the vessel and circumstances of the loss. 


Mr. J. M. Murray. 


I would like to thank Mr. Shepheard for his comprehensive and informative paper. 

An independent check on the curves (Fig. 11.) showed that throughout their range they agree in a 
remarkable manner with data of coasting vessels derived from a different source altogether, with the 
following exception. 

I would suggest that the right hand end of the block co-efficient curve is slightly high for average, 
and decidedly so for good practice. For a speed of 10} knots as given on the curve for a vessel 250 feet 
long, this speed corresponding to a mean service speed of about 9 knots, a block co-efficient of *75 is 
high enough instead of *775 as shown on the curve. 

In conjunction with a beam of 38 feet, as against 37 feet, the same deadweight could be carried 
with a reduction of I EP of about 10 per cent. or } knot more could be obtained from the same I PP. 

Due to the reduction in the block co-efficient, the tendency would be for the chances of damage due 
to pounding to be reduced and the mean speed to rise while the increase in beam, though unnecessary 
for stability purposes in a vessel properly loaded and handled, would increase the load G.M. by about 4 ins. 


Mr. E. W. Biocksmer. 


Mr. Shepheard has made a very comprehensive investigation into a subject which is of great 
importance to the commercial interests of this country, and in his opening remarks he refers to the 
increasing competition by other methods of conveyance on the railways and roads. 

In framing rules and regulations the full significance of this fact has not, I suggest, been fully 
considered, and for this reason, among many others, it would appear to be a wise course to eliminate 
from International discussion any question relating to the ships engaged in actual “ coasting trade,” i.e., 
trade exclusively carried on between ports in the British Isles, as apart from those whose service extends 
to the limits of the “ home trade,” which brings them within some of the continental ports. 


6 


In this connection there is a difference recognised in the Merchant Shipping Act between the 
home trader and the foreign going ship in the case of shelter deck steamers fitted with a tonnage 
opening, where the "tween deck space is exempted from tonnage measurement, but the home trade ship 
is also exempted from deck dues if carrying cargo within the exempted space. 


From my previous experience in the Board of Trade Service, I may say it is most difficult to carry 
out in small coasting vessels the requirements demanded by the crew space regulations, rules for life- 
saving appliances and other matters contained in the Merchant Shipping Act. The design of the 
coasting ship has been built upon the experience of the owner, and the ship with a raised quarter deck, 
short bridge and forecastle, appears to be the type most favoured. Every feature associated with the 
design which has an influence in reducing her net tonnage should be encouraged rather than hindered. 
The object of fitting extensive water ballast spaces is not to reduce the net register tonnage, but to give 
the ie a good measure of stability or seaworthiness when in the light condition. These spaces are not 
utilised for the carriage of cargo, and as such should be exempted or deducted from the gross without 
any limitation. 


Mr. Watt has already referred to this point of view in his remarks this evening. 


Cargo vessels less than 1,600 tons gross are not required by law to be fitted with an installation of 
wireless telegraphy, but the effect of one or two casualties to coasting ships with loss of life in close 
proximity to the shore has produced an impression in the minds of some advocates that the wireless 
installation should be applied to boats of less tonnage. In this respect it might be stated that 
in order to avoid the necessity for an additional burden to be placed on the owners of coasting ships, 
a more adequate system of shore control, or watch stations, should be organised by the Board of ‘Trade 
through the coastguards, instead of leaving the responsibility of keeping watch with farmers or such like 
in certain coastal districts. The local feeling in the Carnarvon district against the system referred to was 
very strong when the “Surron” went down in that locality with all hands in 1923. 


It is interesting to trace the development of the steamer from the sailing ship days. The erections 
of such ships in 1865 consisted of a raised deck aft and a forecastle with a casing over the propelling 
machinery space. Gradually the raised deck aft was extended until about ten years later we find the 
raised quarter extended to meet a bridge which covered the machinery amidships. ‘he fitting of the 
machinery aft did not develop until about the year 1880. 


The slow development in steamer design to get away from the sailing ship dimensions, together with 
a lingering effect of the old tonnage regulations (previous to 1854), were the cause of unstable ships, e.g., 
the following dimensions are those of an iron steamer built in 18738, viz :—221-2 ft. x 29°8 ft. x 20 ft. 
with a raised quarter deck 50 feet and a forecastle 25 feet in length. Such dimensions proposed today 
would provoke consternation. The loss of ships at sea soon caused considerable discussion, and in 1884 
and years immediately following, when ships were going down at the rate of 5 per month, the dimensions 
of new coasting ships were altered and were not very different from what they are at the present time. 


If one analyses carefully the result of casualties at sea, it is not true to say that the raised quarter type 
of vessel is not such a good sea boat as other types engaged in the coasting trade. From the perusal of 
reports, and as the result of hearing the personal evidence given at enquiries, there has always been an 
element of doubt in my mind that the stowage of cargo and the means adopted for securing the covers 
on the hatchways are not always what they should be, and these facts have a greater bearing on the 
subject than the influence of dimensions adopted in the present day coasting designs, although one feels 
that some form of protection aft on the quarter deck, to break up a following sea and prevent water 
entering the machinery openings, is essential. 


The vexed question of getting rid of water in the wells is gradually being settled by the provision of 
ample freeing ports, but the necessity for facilities in the well is still one of doubt. 


The subject is one which could with advantage be discussed at a second meeting of the Association, 
as the paper has opened up many avenues of thought, but as time and space is restricted I will bring my 
contribution to a close with an expression of thanks to Mr. Shepheard for his helpful paper and the 
personal investigation he has made in this subject for the benefit of the Staff of Lloyd’s Register. 
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Mr. H. Dickerson. 


Mr. Shepheard’s most interesting paper emphasizes, very clearly, the importance of the coasting 
trade, which, unfortunately, does not appear to be making much headway. The author attributes this 
to the competition of the railways, and | suggest that another important factor in causing what would 
appear to be a decline in this branch of trade is the competition of road traffic. The recent development 
in the construction of good roads, with the consequent increase in motor traffic must, I think, have an 
important bearing on the question. I should like the author to state on what he bases his statement to 
the effect that provided business and trade be allowed to develop on economic lines there is a prospect 
of great expansion of coasting services round our islands for, unhappily, [ cannot find anything in his 
paper, or elsewhere, to warrant his optimism. 

In the section of the paper which deals with damage and structural details, [ was very interested to 
read that in one ship damage amidships had been caused through pounding. Some time ago I suggested 
that damage at this part in any vessel might be the result of pounding, and I was pleased to note this 
corroborative evidence produced by Mr. Shepheard. 

Although the author appears to be of the opinion that damage to the bottom forward is unavoidable 
in small coasters, I think that it could be minimized, if not prevented, were these vessels designed on the 
following lines, which could be done without great increase in building costs. The frames should be more 
closely spaced, forward of quarter length from the stem, to prevent deformation of the shell plating 
between the floors. Every third floor and frame should be reinforced, the floor by increased face bars, and 
the frame by extending one of face bars in the floor so as to form a reversed frame, the inside edge of the 
floor having an easy radius at the bilge. An intercostal side stringer should be fitted and the usual side 
girders and centre girder in the open bottom strengthened so that these members could act as efficient 
supports to the two intermediate floors and frames which, on account of this additional support, could be 
reduced in scantlings. In the case of a vessel with a double bottom, a reinforced side frame should be 
fitted at intervals with a greatly increased margin and gusset connection. The side stringer and reduced 
intermediate frames could be fitted as mentioned above. With these arrangements a series of reinforced 
transverse rings, extending from gunwale to gunwale would be obtained, of sufficient strength to support 
the intermediate floors and frames, and with no sudden change of section at the bilge as obtains in the 
usual form of construction. 


Mr. A. W. B. Epwarps. 


The analysis of British Coastal Shipping given by Mr. Shepheard is most instructive and shows up 
a number of points not generally recognised. 

There is certainly much reluctance amongst the owners of such vessels to fit oil engines, especially 
in the medium sized vessels, as the author remarks. The probable reason is that hot bulb or “ heavy 
oil” engines are only constructed for powers up to about 400 h.p., hence these simple and practically fool- 
proof engines, which can be run by unskilled labour, are confined to the smaller ships. For larger 
powers a Diesel engine has to be fitted, and the conditions under which coasters under about 1,500 tous 
are often operated are certainly not those suitable for obtaining the best results from a Diesel engine, 
where skilled engineers, and no stinting of necessary stores, and refitting are essential. A “dockhead 
jumper” may be able to run a steam or evena hot bulb engine, but certainly not a Diesel engine. 

For the larger, or liner type of vessels, which are usually operated under extremely efficient 
conditions, a Diesel engine offers many advantages such as increased cargo capacity, large reduction in 
fuel expenditure in port and harbour, quickly getting under way, and a very useful and economical reserve 
of power in the case of passenger ships when supercharged engines are fitted. Quite a number of such 
high-class passenger vessels have recently been constructed for ccastal services, 

With reference to the simplicity and reliability of hot bulb engines fitted in the smaller type of 
vesse's I have in mind a number of such craft having powers up to 500 h.p. (on twin screws) which have 
been running for some years with every success, and are manned entirely with African natives. The 
largest of these vessels is 157 feet long, 26 feet beam and 9°3 feet depth. 

In another case known, that of a coaster fitted w.th steam engines, and about 500 tons deadweight, 
an independent investigation after she was built showed that had she been fitted with hot bulb engines, 
she could have carried 80 tons more. 

I congratulate Mr. Shepheard on an extremely interesting paper. 
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Dr. B. C, Laws, 


This is a useful paper, and contains a great deal of information, which the author has strung 
together in an interesting manner. 

I have only one or two remarks to make, chiefly referring to the matter contained in the section 
dealing with design, in which the author sets out in two or three ways the relation which exists between 
the principal dimensions of this type of vessel. 

In vessels of the type under consideration there is no apparent need for refinement in the matter of 
proportioning dimensions. These ships are intended commonly to perform a service at moderate speeds, 
with naturally a maximum dead-weight capacity and passenger accommodation, and there appears to be 
little or no reason for varying the dimensional relations as between vessel and vessel. 

If this be granted, it is not clear why the proportions should be represented by different formulre, as 
indicated in the paper. 


A little analysis will show that to all intents and purposes the formule given may be reduced to a 


standard, e.g., at the top of page 8 we have B= i +10 and = 2°0 for vessels of a certain 


D (udk.) 
block co-efficient and 80 per cent. erections, and the bottom of the same page we have, for shelter deck 


vessels, very much the same relations if we take the depth to the second deck, thus —- = 2'2and 2°12, 
the relation of B to L being slightly increased in like proportion. 

The only reason for changing the proportions at all may be found perhaps in shelter deck vessels, 
where, in order to preserve the qualities of stability and seaworthiness, note has to be taken of the 
influence of the deeper draft. 

The advantage of placing accommodation amidships rather than at the stern, must be appreciated 
by anyone who has had experience of both, in vessels of this class. Many people are quite unable to 
stand the noise and vibration from the propeller where the accommodation is situated aft, and have been 
known to tranship to another vessel with berthing amidships, even after partially completing the 
voyage. 

There seems to be a little inconsistency in the author’s contention that whereas in cattle carrying 
boats an easy motion is essential, this desirable quality may be brought about by a relatively low 
co-efficient jointly with an increased ratio of length to breadth and depth. It would appear that the 
relation between the metacentre and centre of gravity might be such as to produce a quick, rather than 
an easy movement to the vessel. 

Some very interesting points are contained in the subhead of damage, and the author is likely to be 
very helpful in drawing attention to some of these matters. 


CORRESPONDENCE. 


Mr. T. SuHaw. 


Mr. Shepheard has placed before us a paper which should produce a useful discussion, more 
particularly with reference to the best method of stiffening the bottom to resist pounding damage. The 
statistics are interesting. The charts should prove useful in fixing approximate dimensions, but, as 
pointed out by Mr. Shepheard, each design will require to be carefully gone into in detail. The load trim 
of the several types enumerated receives only passing reference in the paper. When the cargo consists of 
general merchandise this can be placed to bring the vessel into the required trim, but in colliers, more 
particularly with machinery aft, quite a number of vessels load by the head when all holds are filled. 
A well designed collier should have a cubic capacity ranging from 48 to 50 cubic feet per ton deadweight 
in the holds and bunker (usually cross only), all hold space being occupied (self trimming) when the 
vessel is loaded to the summer marks. After the requisite capacity has been allocated, the remaining 
space is utilised for a deep tank placed about amidships under the short bridge. This arrangement 
enables self trimming, as the hatchways are usually connected to the ends of the bridge. Until quite 
recently the whole of the space occupied by the deep tank was deducted from the tonnage, but the Board 
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of Trade within the past few months have limited the deduction. In ordinary cargo vessels the centre of 
buoyancy is usually placed slightly forward of amidships. In the collier type with machinery aft, the 
position can only be fixed after careful calculation—about two per cent. of the length forward of 
amidships is about average. 

I know of one vessel within the last few years, which, loaded by the head to such an extent 
that side bunkers were added in the machinery space and deck bunkers alongside the casings. 

As coasting vessels are in and out of port so frequently, a successful design must have a low net 
tonnage, and the introduction of deep tanks has helped considerably in this respect. 

Damage by pounding is not confined to the coaster type, it occurs, occasionally, in larger vessels, 
more particularly in cases where the North Atlantic voyage is made in ballast trim. Vessels designed 
with “V” shaped framing at the fore end suffer less from pounding than those with “*U” shape. The 
set up shown in sketch “0” is unusual, as in the single bottom vessels it generally extends much further 
aft. In the double bottom type the set up is confined to the bottom plating, the tank top being 
undisturbed. The floors are buckled and rivets started more or less throughout the structural parts of 
the inner bottom, and very occasionally flange plates are fractured. In this connexion it should be 
borne in mind that with a seb up of say }in. on the bottom plating, the floors will be buckled 2ins. 
in a lateral direction. In cases where there are cracked flange plates, it will be found in nearly all 
instances that the rivets through the floor plate and vertical connection angle on the flange plate are 
slack. These rivets usually have snap points, and it is exceedingly difficult to obtain satisfactory 
workmanship with this type of point. In my opinion it is advisable to introduce countersink points from 
the collision bulkhead to the three-fifth length. 

The closing of the frame spacing, or the introduction of intermediate frames efficiently lugged to the 
intercostals and/or additional intercostals is, in my opinion, more efficacious, weight for weight, than 
increasing the thickness of the shell plating. 

I fail to see that the introduction of double seams on the tank top plating would be of any benefit. 
It is, however, essential that the rivets should have full countersunk points and advisable to fit 
}ins. diameter rivets even when ins. diameter are permissible by Rule. 

The introduction of deep ballast tanks amidships, and consequent better ballast trim has, undoubtedly, 
reduced damage by pounding in the collier type. 


Mr. G. L. Brown. 


I have read Mr. Shepheard’s paper with interest. I have nothing to say regarding the statistical 
part of the panes beyond remarking that the growth of the coasting trade in coasting vessels was checked 
largely by the practice which showed a marked development over 20 years ago and has continued, when 
large liners instead of loading their outward general cargo at only one or two large ports such as London, 
Glasgow, Liverpool in that rotation, began taking in other ports such as British Channel Ports, Newcastle, 
Hull and Middlesborough and taking part of their outward cargo at each. This had the effect of 
diverting freight from the coasting vessels as well as from the railways. 

With regard to the problems of construction of coasters more cau be said. 

I have surveyed a number of single bottomed coasters when building. In every case when the plans 
were approved the builder’s attention was called to the advisability of special strengthening of the bottom 
if the vessel was expected to lie aground. In no case did this elicit any response, although from my 
knowledge of such vessels in service they frequently lay on the ground loading. The result was that later 
the bottom of these vessels might be found unfair and the problem of fairing or leaving unfair or how to 
repair or strengthen was one which caused much controversy. 

In these single bottom coasters damage to the forward bottom through grounding was another source 
of trouble and Mr. Shepheard rightly and wisely deals with this question. He also rightly mentions the 
question of discharging with grabs. Some single bottomed colliers have been built intended to be 
discharged by grabs. One in particular built under the old Rules was of a size requiring by Rule, ceiling 
only 2 ins. thick. Spite of representations by builders and the Society’s surveyors, the owners’ 
superintendent declined to double the ceiling. The vessel was lost through capsizing after springing a 
leak. The pumps refused duty—due almost certainly to the bilges being choked with coal through the 
smashing of the ceiling by grabs. The Rules now require the ceiling to be doubled or the inner bottom 
plating increased where grabs or similar mechanical appliances are to be used. I agree with 
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Mr. Shepheard’s contention that wood ceiling and sparring are quite unsuitable in a vessel where grabs 
are used, which contention seems to carry with it the corollary that single bottom vessels are not suitable 
where grabs are used. 

Damage to side and bilge plating is common in coasters due to the cause mentioned by Mr. Shepheard. 
The fitting of chafing strips is good, provided these are efficiently re-riveted. In one case in my experience, 
half round chafing strips had one rivet in each frame space and a very slight rub on a quay was sufficient 
to start leaks in the chafing strip riveting. 

The question of the strength and efficiency of large hatchways and their covers and fittings has been 
and will continue to be an important consideration. Here again, as Mr. Shepheard points out, recent 
regulations and special provision in the Rules has done much to prevent casualties consequent upon 
weakness in these particulars. But unless this is backed up by constant vigilance in the upkeep of the 
hatchways and fittings these will continue to be a source of trouble. Every surveyor will agree that in 
the past the condition of wood covers, wood fore and afters and to a less degree the condition of steel webs 
and fore and afters received too little attention between surveys in this class of vessel where, due to 
frequent and hurried discharging and loading, the wear and tear of these fittings is particularly severe. 

These are a few considerations that a reading of the paper has presented to my mind, though I might 
add that [I have had little experience of this class of vessel for a good many years, yet I know that 
increasing experience of the special needs and conditions of the coasting trade has led to greater 
stringency in the practice of construction and upkeep and that the defects 1 have referred to and the 
casualties consequent upon them are now much reduced. 


Mr. W. J. Crara. 


The author has given us some interesting statistics about coasting vessels, and he is to be 
congratulated on submitting the various particulars in such a concise and clear tabular form. These 
particulars would appear to show that there has been a small increase in the numbers of these vessels in 
the last seven years, and it would be interesting to know if this has been a uniform increase year by year, 
or if the increase has been mainly confined to the period prior to 1926. If the latter be the case, it 
would suggest that the increase is mostly due to the replacement of war losses, and not to any real 
expansion of trade in recent years. 

The author has dealt with the main damages sustained by these vessels in the course of their 
trading. Damage caused by the heavy modern grab is now always expected, and it is not an easy matter 
to strengthen the vessels to resist it, as even the heaviest material is apt to get distorted and broken. In 
one ship under survey most of the tank top plating was dealt with and a very large percentage of the 
plates were renewed. The floor and intercostal top bars were also badly buckled. In the repair, the 
renewed plates were fitted of increased thickness, and in order to further protect it heavy wood ceiling 
was also fitted. 

Owners, however, do not seem greatly perturbed about the cost of repair of such damage, as there is 
no doubt the quicker “ turn round” obtained by the use of the heavy grab amply repays them. 

The author has called attention to the buckling of frames at the floor ends when no bilge brackets 
are fitted, and cases of such buckling have occasionally been noted even in vessels having a double 
bottom and tank side brackets, where such vessels have been engaged in carrying iron ore, and subject, 
therefore, to more severe stresses. 

It is worthy of note, however, that very little damage can be traced to structural weakness, and this 
is very satisfactory, considering the hard usage these vessels get through being kept trading for long 
periods with a minimum time in port. 


Mr. E. H. Dean. 


I should like to thank Mr. Shepheard for his interesting paper. Although the coasting vessel 
becomes a continual source of worry and at times annoyance to the surveyor, the study of this class of 
vessel is nevertheless fascinating. 

The more one comes in contact with, and the more one sees and hears of the exploits of these little 
vessels, the more one marvels at the way they keep going under all sorts of weather, and wear and tear 
conditions. 
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A small raised quarter deck type of coasting steamer of 485 gross tons, 152 ft. x 25 ft. 3 ins. x 12 ft. 
put into dry dock soon after the very severe gales of last December, and I had occasion to visit 
the vessel. In conversation with the captain, he stated that he caught the full force of those gales 
right from the Continent to Liverpool; when off Lands End he stated for several hours he was, 
at intervals, up to his neck in solid sea in the wheel house, which in this particular vessel was on a 
flying bridge above the raised quarter deck, fortunately he said his cargo was of the non-shifting type, 
and he states his little vessel cleared herself of this mass of water in a remarkable manner and rode like 
a duck; the only damage sustained was some leaky rivets in way of the fore peak tank, beam knees, 
centre line bulkhead, etc., and various damages to boats, deck fittings, etc. This is not an isolated case, 
and after hearing of such performances one is led to think that the design of these little vessels is not so 
very far wrong after all. 

A surveyor, who has been associated with coasting steamers in any district for any length of time, 
will appreciate the difficulty experienced in connection with up-keep repairs. It has often struck me the 
almost fatalistic attitude which the crews of some coasters have towards their calling; it is not an 
uncommon thing to find hatch covers (their only security between floating and sinking in time of heavy 
weather) being used as coal shoots, even for feeding the galley fire, and also as stagings for painting and 
scaling the vessels top sides. It is admitted that matters in this direction have been tightened up very 
considerably in later years. The plating of the screen bulkhead and saddleback of coasters with cross 
bunkers is also a source of trouble to owners, it has been quite a frequent experience of mine to have to 
recommend the renewal of this plating at 8 years old; many owners have, in their new vessels, 
made this plating heavier, and have introduced extra stiffening in the hope of obtaining at least 12 years 
life in this structure. 

There is also the coasting vessel which is continually aground when loading and discharging; from 
my experience of coasting vessels trading to the Mersey, there are very few vessels with open floors which 
have not a set up of the bottom in way of the hold from the cross bunker to the collision bulkhead. It 
would be of interest to know what the author considers the safety figure for allowing a set up bottom to 
go without temporary repairs. 


Mr. A. W. Jackson. 


The author is to be congratulated on the manner in which he has placed the statistics regarding 
coasting vessels before the members of the Association. Generally speaking, one gets accustomed to the 
particular type of coasting vessel periodically surveyed in a district without considering, as a whole, the 
various types there are in service throughout the country. 

Regarding the third portion of the paper dealing with damage and structural details, in vessels with 
single bottoms the amount of additional strengthening provided for loading on the ground and crossing 
bars is often inadequate. In vessels with bar keels and centre keelsons comprising a plate with double 
angles top and bottom resting on top of the floors, the centre keelson has been found to have tripped, 
the connection to the floors being inadequate. In a number of cases tripping brackets have been fitted 
on the side remote from the bilge suction piping connecting the keelson to the floors, and the close 
ceiling arranged accordingly to form a casing. In vessel with floors stopping at a centre keelson, the 
depth of floor is so small that adequate connection at that part is difficult to obtain, and it has been found 
necessary to fit single lugs double riveted, dispense with the back lugs on centre and side keelsons and 
fit continuous angles from side keelson to side keelson, the centre keelson being slotted where fitted 
deeper than the floors. 

Regarding small solid pillars in way of the bridge and raised quarter deck and at the ends of 
hatch openings, the riveted connection has been found to be inadequate. In many cases these pillars 
have been dispensed with, and built pillars fitted with transverse and a fore and aft bracket connection 
to floors, beams, centre keelson and runners respectively. Small angle runners with solid pillars on 
alternate beams have been found to be distorted, and a girder formed of a plate slotted over the beams 
and using the runner angles as face angles has been fitted. 

Generally speaking, in coasters with open floors and a deep ballast fore peak tank, the wash plate 
connections to beams and floors, and beam knees will be found slack. Often the beams will be slightly 
buckled at the inboard end of the bracket, whilst perfectly sound elsewhere. Beam knee brackets of 


increased size in way of beam, and bracket connections from the wash bulkhead to floors and beams will 
usually cure this trouble. 
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Mr. M. Macrrop. 


I am sure we are indebted to Mr. Shepheard for the great trouble he must have taken to write this 
extensive paper on Coasting Vessels, and I have great pleasure in contributing a few remarks in special 
reference to Section III. 

It is common in small coasting vessels, with machinery aft and fitted with ordinary floors, to find a 
“set up” in the bottom plating over a distance from 80 to 60 feet abreast main hatchway ; this ‘set up” 
appears to be caused by the vessel loading or discharging whilst aground. It may be anything from 4 in. 
to 14 in. and involve no structural damage internally, and although nothing may be done to fair the 
bottom again, the “set up” does not seem to get any worse, the vessel keeping what might be termed a 
“permanent set.” 

Double bottom vessels are more rigid and not so liable to be set up through the above named cause, 
but a great deal depends upon the condition of the ground on which the vessel sits. 

I am afraid that, although it is recommended by the Committee of Lloyd’s Register that additional 
stiffening be provided in vessels intended to load or discharge aground, little or no special stiffening is 
fitted, the result being that vessels loading or discharging aground and experiencing heavy weather 
immediately after are liable to increase the defects originally started on the ground. 

To illustrate the risk some captains take with their vessels:—Some years ago a coasting vessel 
250 feet long with machinery aft, was undergoing repairs for stress of weather. This vessel had a fore peak 
tank of 100 tons capacity, and the captain had not only filled the fore peak tank with water but also the 
space above same, to keep the vessel’s head down crossing the English Channel in light condition, with 
the result that the forward double bottom riveting started, also the shell riveting at break of bridge. A 
word of advice to the captain had the effect of preventing a repetition of this treatment. 

Another stress of weather case I have recently dealt with is that of a steamer 189 feet long, machinery 
aft, double bottom fitted with solid floors on alternate frames, the remainder being bracketed at margin 
and centre girder (no reverse frames fitted to tank top) the bracket floor was fitted thus :— 


GUSSETS FITTED ON 
Owners Accounr 


No Rev. FRAME 


FRACTURED HERE 


The riveting at top of margin bracket angles was found started and on removal of these angles for 
re-riveting, it was found that the margin plate was factured. This case was dealt with by renewal of 
margin plates and margin angles. Zhe owners, on their own account, had gussets fitted on every third 
Srame to tank top and margin bracket throughout as a precaution against future trouble. 

Tank margin connections in double bottom vessels seem to give the most trouble in stress of weather 
damage and these may with advantage be extended or reinforced. 

I agree with Mr. Shepheard that the strengthening at break of raised quarter deck is so well provided 
for that little or no trouble is found here, unless the captain does in his “judgment” load up the fore 
end excessively and drive head-on through a rough sea, as previously instanced. 
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Mr. W. Rennie. 


I have read Mr. Shepheard’s paper with interest and pleasure. He has taken much time and trouble 
to present data and information in an interesting form. 

Although the coasting trade appears to be gradually improving since 1920, the keen competition by 
the railways referred to still remains acute, and it is also subjected to severe competition by road transport. 
Small consignments of goods are frequently carried by road to and from inland towns and distant 
seaports, to reduce handling to a minimum. Pre-war, coasting vessels were extensively employed in the 
tran-shipment of cargoes around the coast, but the modern tendency is for foreign trade vessels to 
frequently discharge and load at any number of home ports as may be necessary. Again, the coastwise 
traffic is very seasonable, which will result in a number of the older vessels being laid up at intervals. 
I recall a coasting company with which I was associated employing two small vessels carrying patent 
cattle foods, etc., around the coast during the winter months, but this trade disappeared when the cattle 
were grazing. 

The author points out that amongst British coasters the motor ship is almost unknown, and I feel 
for the reasons given it will remain so, until an engine of simple construction giving maximum reliability 
and efficiency can be evolved, which will also compare favourably with the cost of a steam installation. 
The motor trawler however, offers distinct advantages. The smaller space taken up by the Diesel 
machinery and fuel oil tanks, compared with steam engine, boilers and coal bunkers increases the capacity 
of the fish hold by about 60 per cent., and also gives a large steaming radius, with a reduction in the 
engine room personnel. 

It is interesting to note the development in design. The combined poop and bridge, and well deck 
forward with plated bulwarks appear to be most popular and suitable for coasters, but of course the 
particular trade requirements would need to be considered. ‘The deeper hold aft, is very advantageous at 
times for certain cargoes. 

The author states on page 8, that speeds range between 12 to 14 knots, and I shall be glad to learn if 
this can be assumed a fair average. I should have thought it would not exceed 10 knots. 

Under the heading of damage and structural details, Mr. Shepheard refers to the damage to shell 
plating, rivets, etc., which this class of vessel is subjected to when entering and leaving port, and lying 
alongside the quay so frequently. The employment of hand fenders usually aggravates the trouble, and 
means local indents. In my experience, this damage is rather extensive at times, and could be greatly 
minimised by fitting a good substantial side belting. The objection sometimes raised, that the belting is 
apt to get fouled when lying alongside jetties or other vessels should not arise if reasonable precautions 
are taken. I have occasionally heard superintendents complain about the damage sustained to the belting 
when fitted, and appear to overlook the protection which has been afforded to the shell plating below 
water. 

Pounding damage to the bottom forward and internal structure is of frequent occurance, and whilst 
good modern practice in fore end stiffening is sufficiently effective for careful handling, it would appear 
difficult to build a vessel of full form, that cannot be damaged in service conditions if driven at excessive 
speeds with insufficient ballast during heavy weather. 

Several of the worst cases I have observed of started and broken riveting in the double bottom tanks 
due to pounding, have been on vessels where the inner bottom plating extends horizontal to the side 
shell plating, and a short bilge frame fitted of much lighter section than the bottom and side frames. In 
addition to the increased thickness of shell plating and solid floors on every frame forward as required by 
the rules, it would in some cases appear desirable to fit solid floors throughout where vessels take the 
ground frequently. The floors should in all cases be adequately stiffened to prevent buckling and 
springing, and half intercostal angles carried up the full depth of the floor, would be helpful in this 
respect. 

og frequent source of trouble in coasters is the tank margin bracket lugs. Experience has shown that 
a properly drilled and fitted tee bar in association with a gusset angle gives the best results. 

During surveys one frequently observes the internal riveting in the fore peak tank extensively 
started, and it would appear desirable, in some cases, to have additional stiffening. Sufficient attention is 
not always given to the wash plate attachments. 

Grab discharging causes havoc, and as the author states, hold obstructions should be reduced to a 
minimum. Broken air and sounding pipes frequently cause damage to cargo, and should be placed 
alongside bulkhead vertical stiffeners, hold stanchions, or, if on an open part of the hold, be suitably 
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protected by a channel bar. Wood casings are unsuitable. Where ceiling is fitted under the hatchways 
only, the riveting of the margin angle through the tank top frequently becomes started when the ceiling 
and angle is left as is usual, standing about 3 ins. above the tank top. The marginal ceiling should 
have its outer edge champhered, and the standing flange of the angle just sufficiently high to hold 
the ceiling in position and thus avoid unnecessary obstruction for the grabs. 

Possibly some of the casualties to coasting vessels may have been due to synchronism between wave 
period and period of roll of the ship, a risk which a shipmaster must face when his vessel is not 
under control. 


REPLY BY THE AUTHOR. 


I will endeavour to answer briefly, at least some of the points raised in this interesting discussion. 

Mr. Townshend finds the evidence of Tables I and Iv contradictory. Table IV, as stated on 
pages 5 and 6 of the text, does not refer exclusively to coasting vessels, which represent only about a 
quarter of the totals in that table. Table III, on the other hand, was prepared expressly to include only 
coasting and home trade vessels. At the foot of this table it is shown that the number of such vessels 
in 1929 exceeded that in 1922, the active fleets—after allowance for laid up tonnage—being roughly 
proportional to the traffic figures from Table I. 

The gradual increase in coastwise trade has received an unfortunate set back in the present year, and 
the whole trade outlook is now quite different from that indicated by the returns for 1929, which were 
the latest available when the paper was written. It is fervently hoped that the general trade position, 
a consequently coasting business, may soon show signs of improvement on the present disappointing 
evel. 

The more rapid obsolescence of larger ships, due to intense competition, probably accounts in a 
considerable degree for the smaller number of such ships which reach the age of 20 years or more. 

The type of puffer illustrated in Fig. 6 is suitable for trading between the Clyde and Belfast. 

Mr. Watt’s remarks, as usual, are most informative. The recent proposal to limit the allowance for 
water ballast space in measurement of tonnage is very unfair to the coaster, and although in several recent 
ships the Board of Trade has enforced these limitations, it is understood that the new practice is to be 
discontinued. The substitution of drainage to engine room bilges for overboard scuppers from exempted 
shelter deck spaces, now adopted by the Board of Trade, will greatly add to the safety of coasters 
of this type. 

The results given in the paper bear an almost suspicious resemblance to Mr. Watt’s “standard” 
particulars for the design of R.Q D. coasting colliers. In fact, I should not be surprised if a charge of 
plagiarism were levelled against me, particularly with regard to the speed and block coefficient formule. 
T could state in the box, however, that I had no knowledge, previous to this discussion, of Mr. Watt's 
investigation. ‘The closeness of the results obtained independently by an authority so reliable as 
Mr. Watt, greatly adds to one’s confidence in the accuracy of the data presented in Fig. 11 of the paper. 

I wish to express my gratitude to Dr. Isserlis not only for his assistance in providing statistical 
information, but also for attending this meeting and taking part in the discussion. Without the 
co-operation of the Chamber of Shipping it would have been impossible to make reference to the 
development of coasting trade and shipping—an important aspect of the subject of this paper. 

Mr. Thomson’s remarks have been noted with interest, and I would refer him to subsequent remarks 
on the general question of bottom damage. 

In reply to Mr. Bryden, I regret that owing to the small number of ships specially built for the 
cattle trade, it is not possible to derive any relationships connecting their dimensions. The ships 
illustrated in Plate 2 is 320ft. x 40 ft. x 28ft. to Shelter Deck. 

The cargo and cattle boat mentioned on page 19, as having been lost in 1924 was a new vessel 
185 ft, x 31 ft. x 12°25 ft. with poop, open bridge and forecastle and high bulwarks. She went down in the 
Trish Sea on a calm summer night. She was loaded with general cargo and also carried cattle on parts of 
the main deck and fore hold. The cattle in the hold, though in pens, shifted to port, causing a list 
which increased until the washport doors in the open bridge space were awash. The water subsequently 
flooded in through these ports, and the ship heeled over rapidly and sank. The G.M. was 6 in., and the 
stability range very small. The ship was specially built for a trade demanding strict limitations of 
dimensions at one of the terminal ports, and she was considerably smaller than the usual coaster of this 
type with open bridge. 
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It is gratifying that Mr. Murray has found close agreement between the design data for R.Q.D. 
coasters and his independent information. With regard to the 250 ft. ship—at the extreme limit of the 
range of curves—I agree that for economical propulsion a block coefficient of 75 and a consequent 
modification in beam would probably show an advantage over the figures given by Fig. 11. There are, 
however, a number of ships of this type and size built and sailing satisfactorily, having a block coefficient 
in some cases greater than °775. 


Mr. Blocksidge points out the necessity for special consideration in framing regulations for coasting 
vessels. The fitting of wireless outfits on small coasting cargo ships would form a considerable handicap, 
and it is doubtful whether additional safety would be afforded above that provided by an efficient coast 
watching organisation. The dimensions, quoted by Mr. Blocksidge, of a steamer built in 1873 with 
raised quarter deck and forecastle appear remarkable. Mr. Martell, in his evidence before the 1885 
Commission on Loss of Life at Sea stated that, “Steamers have been given proportionately narrow beam 
because an opinion prevailed at one time that the narrower the ship the greater the speed she would 
realise with the same horse-power. That, of course, has been exploded since.” Yet in spite of the 
“explosion” some ships are still being built with unnecessarily restricted beam. 


As Mr. Dickerson and one or two other contributors have pointed out, road competition, in an 
intensive form, has been added to that of the railways against coastwise trade. Mr. Dickerson cannot find 
evidence for my optimism regarding the future of coasting shipping, and | admit that the trade returns 
for the present year are most disappointing. On the other hand, apart from general trade depression 
which has naturally been felt by the coasting services, there are encouraging developments, such as 
the recent increase in coastal oil tanker tonnage, and the application of the internal combustion engine, 
so successful on the roads, to small craft. 


Mr. Dickerson’s proposals for strengthening the bottom structure of raised quarter decks are most 
interesting, and are commented on later. 


Mr. Edwards provides a convincing explanation of the absence of Diesel driven coasters of more 
than about 500 G.R.T. The full Diesel engine required for ships of this size or more, are still too costly, 
and require more expert attention than their trade can afford. The new cross channel motorships on the 
Belfast—Liverpool and Harwich—Esbjerg services are larger and not of the type dealt with in this 
paper. The simplicity and reliability of semi-Diesel engines is remarkable, as Mr. Edwards examples 
show, and no doubt before long equally satisfactory engines of higher power will be developed and fitted 
in larger coasters. 


Dr. Laws refers to the apparent refinement of deriving two sets of relationships connecting the 
dimensions of P.B. and F. and shelter deck coasters. The formule given on page 8, were arrived at 
from analysis of seventy ships of the former and fifty of the latter type, and show that practice does 
provide a greater ratio of : in shelter deckers. While these proportions are naturally somewhat influenced 
by the relative stability requirements of the two types, there is evidence to show that conditions in some 
ports have prevented shelter decks ships from deriving full benefit from the additional draft obtainable ; 
with the result stated in the paper that the beam has been increased for deadweight purposes. 


The designer must of course satisfy himself that the form of a cattle boat with low block coefficient 


and increased ratio of B will be such as to ensure sufficient stability in service conditions. 


Bottom damage has naturally figured prominently in this discussion, and colleagues will understand 
that it is not possible to comment individually on their remarks. Though the symptoms of this trouble 
are generally similar, there is some difference of opinion as to the best treatment. Mr. Thomson, for 
instance, advocates u good increase in shell thickness, while Mr. Shaw prefers a closing of frame spacing 
with additional intercostals. Mr. Dickerson proposes to strengthen the bottom by a series of reinforced 
transverse rings with reductions in scantlings of the intermediate floors and frames. The scheme would 
probably provide a more rigid structure as a whole, but I cannot agree with the reduction of the 
intermediate members, particularly if this involves any loss in depth of structure, as all experience points 
to the value in this part of deep, closely spaced and well supported members, to obviate local 
deformation. 
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Mr. Shaw calls attention to the importance of trim in the design of bulk cargo carriers such as 
colliers, and has quoted an example in which the trim went badly wrong. The fixing of the position of 
the L.C.B. in such types is one of the naval architect’s hardest problems, and is of more relative 
importance in small ships. As stated in the text, the early design of raised quarter deck collier illustrated 
in Fig. 9 (4) was a very bad trimmer, and the extension of the quarter deck forward to amidships in the 
modern design shown in Fig. 9 (8) provides a better fore and aft distribution of cargo. 

As Mr. Brown and other colleagues have pointed out, it is to be regretted that so little provision for 
additional bottom strengthening is made by builders and owners for ships which lie aground. The right 
time to fit such reinforcement is surely when the ship is being built rather than after damage 
necessitating heavy repairs has taken place. 

Mr. Brown mentions the loss of a ship discharged by grabs, in which 2in. ceiling only was 
fitted on the open floors. The Rules of this Society, however, only “recommend” that ceiling be 
doubled in such cases. 

Serious damage from the same cause in a double bottomed vessel is also referred to by 
Mr. Craig. I regret that Iam not in a position to state in which of the last seven years the increase 
in coasting vessels has been greatest. As Mr. Craig suggests, the increase in numbers may be partly 
due to replacement of war losses, although many replacements took place in the boom period 
immediately following the war. A real expansion in coasting trade, however, has taken place in 
recent years—at least, until 1930. 

Mr. Dean’s instance of a small coaster in the December gales of last year illustrates the wonderful 
behaviour of these little vessels in the hands of good captains who know their ships and with cargo 
properly stowed. His query regarding the set up allowable in open bottoms before repair is necessary, is 
referred to Mr. MacLeod’s contribution. 

Mr. Jackson’s practical remarks have been read with interest. The substitution of built 
pillars and intercostal girders for solid stanchions and angle runners is a particularly good 
improvement. 

Mr. MacLeod mentions an example of damage resulting from concentration of ballasting at the fore 
end of a 250ft. coaster having machinery aft. The effect of the loading apparently had not occurred to 
the captain, who would be thinking only of obtaining good ballast draft forward. 

The construction of double bottom shown in the sketch, having no reverse frames between the solid 
floors appears unsatisfactory and likely to give rise to the trouble experienced. 

The advantages of motor machinery in trawlers are clearly brought out by Mr. Rennie, and it will be 
interesting to watch the development of “milar engines in coasters, particularly of the larger types. 

The speeds of coasting liners referre. to on pages 7 and 8 are generally between 12 and 14 knots as 
stated. They have to run to time tables in all weathers, and work under quite different conditions from 
the 9-10 knot raised quarter deck tramps. 

The T margin connection, properly fitted, makes an excellent job. 

The discussion has covered wide ground, and has greatly increased the interest and value of the 
paper. I wish to thank colleagues for their contributions and for their reception of the paper. 


“ Let coasters flourish.” 


LLOYD'S REGISTER STARE ASSOCIATION, 


ANNUAL MERTING. 


The Annual Business Meeting of the Staff Association was 
held in the Board Room of the London Office, 
on Wednesday, 7th May, 1980. 


The President, Mr. W. Dennis Heck, occupied the chair. 


The Secretary read the Minutes of last Annual Meeting, and also the Financial 
Statement which showed a probable balance, after all accounts were settled, 
of £14 10s. 


Some suggestions submitted by members as to the inclusion of various matters 
of interest in the reports of the Association .meetings were referred to the 
Cominittee for consideration. . 


The following appointments of Office bearers for next session were made :— 


President - : Mr. W. THomson, on the motion of Dr. B. C. Laws, 
seconded by Mr. E. W. Brocksiner. 


Hon. Secretary . Mr. 8. F. Dorey, proposed by Mr. W. Warr, 
seconded by Mr. A. A. CHALMERS. 


COMMITTEE 
Messrs. J. R. BevertpGr, H. Dickerson, J. S. Garpiner, A. LAWRANCR, 
C. H. Stocks, 8. Townsnenp and L. H. Youna. 


London: 


On the motion of Mr. J. CARNAGHAN a very hearty vote of thanks was accorded 
to Mr. Heck for his excellent services as President during the past two sessions, 
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